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Prfaited by Phmmcr and Br«vis» Lore Laae, 



THE INVENTOR OF THE 

LONGITUDE SCALE 

Has received the following Testimonials of its Utility, which he begs 

leave to sabmit to the attention of those Navigators who may 

not have an opportunity of examining the instrument. 



Fleet Street, May 19, 1823- 

SIR, 

I HAVE duly considered your Longitude Scale and Book of 
Instructions, and in many examples have, by means of them, reduced 
the apparent distance, and brought out the time from altitudes of the Sun 
and Stars. I do not, therefore, now hesitate to say that your Method 
is not only more accurate and convenient than any other mechanical 
means hitherto devised, but also, that it approaches sufficiently uear to 
the correctness of the best ways of computation. In the hands of every 
one, your operation will be performed in less time, and in those of seamen 
in general, it will, in my opinion, be attended with less liability to mistake. 
From my knowledge of nautical instruments, I must say that no seamen 
can with certainty get the Apparent Distance nearer than 15^^ ; and as far 
as I have tried your apparatus I have always come within one J^th part 
of that quantity. I certainly am not an enemy to the rigorous computation, 
and to the few who are capable of performing it, nothing that I may say 
can divert them from its employment; but, on the other hand, a method 
like your's, that is adapted to the avocations and educations of the numy, 
ought not in my opinion to be treated with neglect 

Under this view of the subject, my sincere wishes for the success of 
your zealous and laudable endeavours to improve nautical science 
accompany this ; and upon all proper occasions, recommendations of your 
method shall not be wanting. 

I am, Sir, 

Your dismter^sted friend, 

EDWARD TROPGHTON. 

To Capt. D. Thom'son. 
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Hy^rographical OfHce, East India House, 
May 13, 1823. 

SIR, 

BEiiio highly sensible of the value of your Lunar Scale, as 
affording to navigators a simple e^wl speedy method of clearing the lunar 
distances from the efiects.of Parallax and .Refraction, and nqw farther 
improved by your late alteration in simplifying the cases, and rendering 
the auxiliary Tables plain and easy to be apprehended by every persoQ of 
common capacity, I have therefore thought it a duty incumbent on me, to 
recommend it strongly to the Commanders and Officers in the Honourable 
Cast India service, which I shall have great pleasure in doing at every 
favourable opportunity. 

SIR, 

I am your's, very sincerely, 

JAMES HORSBURGH. 
To 6apt. D. Thomson. 



'^0. Albemarle Street, London, 
January 17 th, 16-23. 

This is to certify, that during the last four years, whilst placed 
in the command of several of his majesty*3 ships, I have been in the 
habit of using the Longitude Scale, invented by David Thomson, for 
correcting the Lunar Distances. 

And I do not hesitate to assert that this Scale, as a lunar corrector, 
Will be found to be of the greatest utility by all practical navigators, in 
not only affording an immediate and satisfactory proof, respecting the 
correctness of the calculations by logarithms, but I have ever found the 
result to correspond so nearly with that deduced from other methods, as 
to induce me to place the most implicit confidence in it, on ^U common 
or ordinary occasions. 

Since my return from the East Indies in July last, in the command of 
his majesty's ship Samarang, I have had an opportunity of examining the 
improvements made in the construction of this scale, by the inventor 
Mr. Thomson, which enables the calculator to obtain by this means, a^ 
near an apprbximationto the truth, in a fourth part of the time, as can 
p^^f ijbly l>e proeured'by ai^ other known method. 

Given under my hand this 17th of January, 181^3. 

J. N. CAMPBELL 
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Bufy street, Edmonton, 19th of May, 1823. 

I HAVE worked several examples of redactions of Lunar. Distances 
with Captain Thomson's Scale, £^nd Rnd the impro.vemeots he has made 
in it to very much shorten and simplify the opers^tion ; the^isduced dis- 
tance in all the cases I have tried has never exceeded four or five secondf 
from that derived by a strict logarithmetic calculation, apd it appears, to 
me that nothing can tend so much to facilitate the introduction of Lunar 
Observations generally at sea, as the use of this scale, which may be 
taught in half an hour to any person, acquainted only with the first four 
rules of Aiithmetic. The invention of this instrument merits the highest 
praise on the ingenuity of its Author, as does its improvement on his 
industry and perseyerance, and who cannot fail ultimately of obtaining 
that reward from its general introduction which his m^rit and its in^r« 
tance deserves. 

THOMAS FIRMINGER, L. L. D. 

Many yean Assistant Astronomer at tht 
Royal Olisttrvatoiyy'Chreeawidi. 



148, Leadenhall Street, May 21st, 1823. 

To Captain David Thomson, 
SIR, 

I HAVE with much pleastire examwed your '''Longitude Scale** 
by the test of several exai^ples deduced from the Observations of Mr. 
Crossley^ late of the Royal Observatory, at Greenwich : and'by comparing 
the results (the true distances) deduced by Taylor'ti fiOgarithms iiiere- 
from, with those obtained' by means of your Scale, I have in no instance 
found them to differ more than from two to four seconds of a degree, and 
in, several instances the results were quite exact: I can consequently 
stron^y recommend it, not only for its accuracy, but for the very short and 
simple means it affords >the Mariner to determine the Longitude by the 
Lunar Method. 

I am, Sir, 

Your ^lQat obedjei^ Servant, 

THOMAS tSME, 



<Ceacher of Navigation and Nautical Astronomy, 
and Examiner of 0$c«rs fii the Serf ice of 
the Hon. East India Company. 



91, Drury Lane,^2d May, 1823. 
SIR, 

I H A v£ now carefully examined your Longitude Scale, or Lunar 
Corrector^ and I am happy to inform you that I esteem it a most 
Taluable addition to the Instruments now in use for determming the 
Longitude of a Ship at sea. 

The facility with which the operations of clearing ihe Observed Distance* 
and finding the Apparent Time, may be performed by your Scale, would 
render it highly useful even were the results less accurate than they are ; 
but when these results are invariably found to correspond so nearly with 
those obtained by a laborious calculationi it cannot fail to be of the 
greatest advantage to all who may employ it, either in clearing the 
Distance or finding the Time. 

The results of the operations which I have performed by it, are almost 
the same as those obtained by the most rigid calculation ; and, I have 
not the smallest doubt, from what I have seen of it, but the Corrected 
Distances obtained by your Scale will, in all cases be found not to differ 
above three seconds o{sl degree from what would be obtained by performing 
the same examples by Spherical Trigonometry. 

After what I have now said of your valuable invention, I shall merely 
add, that I am of opinion, that it only requires to be known to such sea- 
men as are in the practice of determining the Longitude, at sea, by the 
Lunar distances, in order to be employed by them in correcting those 
Distances, and determining the exact Time at which they were observed. 

Trusting that you will soon have the satisfaction of seeing your Scale 
meet with the approbation of the intelligent part of your brethren, and 
its value appreciated as it ought to be, by all who take any interest in the 
improvement of Navigation, I beg leave to assure you that 

I am, Sir, 

Your most obedient Servant, 

GEO. G. CAREY, 
Teacher of Mathematics and Astronomy. 
To Capt. D. Thomson. 



TftE SCAIiB 

Is made and sold by Mr. Bate, Mathematical Instrument Maker, 

17> Poultry, 

And may he had of all Dealers in Nautical Books and Instruments. 



PR£FAC£. 



Ih the composition of this work, the principal object has been^ to 
fiin^ish Navigators with short and convenient methods of performing 
the pecessary calculations, in the practice of ascertaining the Longi- 
tude by Lunar Observations, or Chronometers. 

In finding the Longitude by means of the Moon's Distance from 
(he Sun, or a Star, the most tedious and difficult part of the calcula- 
tion, is to clear the Apparent Distance from the effects of Parallax 
and Refraction ; the mode of performing this part of the operation, 
given in the present work, is extremely simple, and is perhaps the 
most convenient method of calculation that has ever been offered to 
the Public : It may be performed in a third part of the time that is 
required for the common methodst 

• • 

The computation of the Apparent Time from the Altitude of the 
Sun, or a Star, is necessaiy, whether the Longitude be deduced 
from Lunar Observations, or Chronometers ; this calculation is ren* 
dered very easy, and may be performed in about half the time re- 
quired, when the common Tables are used. 

A variety of Examples are given, to illustrate the use of the 
Tables ; with occasional remarks on the nature of the Corrections, 
the mode of making the necessary observations, and the manage* 
m^at of Time-keepers. These remarks, it is presumed, will be 
found useful to the young navigator, and to others who have not had 
much experience, in the modes of finding the Longitude by Lunars 
and Chronometers. 



IT PltEFACE. 

^Great attention has been paid to the. correctness of the Tables, 
which are carefully arranged in the most convenient order, for per* 
forming the operations for which they are chiefly intended* 

In the Appendix will be found, plain directions for acquiring a 
knowledge of the principal Fixed Stars, and examples of ascertain* 
ing the Latitude at Sea by them; with several useful Tables. 

The author cannot avoid taking this opportunity of strongly recom- 
mending this part of the work, to the attention of all Navigators who 
are not much acquainted with this highly useful part of their pro- 
fession ; as there can be no doubt, that many accidents which happen 
at sea, might be prevented, were the practice of ascertaining the 
place of a ship, by means of the Fixed Stars, to become general 
amongst Seamen. 

The author having used bis best endeavours, throughout the work, 
to render it worthy iLs attention of Practical Navigators, most 
respectfully solicits a candid examination of its merits, in comparison 
with other works of a similar nature; and shall feel much grati^ed 
if his labours are found to contribute, in any degree, towards the 
improvement of an Art, on which the prosperity of this conmiercial 
country so greatly depends* 



London^ 16M October y 1824. 
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.Advertisement to the Second Edition. 

The Author offers his sincere thankis to the Public for the flattering 
encouragement his work has met with ; and begs leave to express 
his grateful acknowledgements to the Honourable the Directors of 
the East India Company, and to the Honourable the Elder Brethren 
of the Trinity-House, for their patronage and support. Those Navi- 
gators who have not time or opportunity to examine the Book, are 
referred for an account of its merits to the Quarterly Journal of Arts 
and Sciences for January 1825 ; to the Asiatic Journal for January 
] 826 ; or to the Bulletin des Sciences^ part first, published at Paris 
in January 1825. The few errata that could be discovered in the 
irst Edition have been carefully corrected in this. 

Londoih 15A March, 1825. 
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INTRODUCTION. 



TO prevent ainbifl;iuty in working the Examples, given to illustrate 
the use of the TabTes, • the reader is requested to attend to the fol- 
lowing Remarks: 

1. By the appctrent time at Greenwich is always meant the appareni 
astronomical time at that meridian, and by mean time at Greenwich 
the mean astronomical time is to be understood. 

5& When the estimated civd or nautical time is given at any meri* 
dian, it is first reduced to the estimated astronomical time at the ^ven 
place, to which the lon^tude of that place in time being iqpplied by 
addition or mbtractiaii^ according as the lon^tude is %oe$t or east^ m& 
estimated astronomical time at Greenwich is obtained ; and to this time 
all the articles required from the Nautical Almanac are always 
reduced. 

S, As the cwU time is 12 hours in advance of the astronomical 
ihne^ that is, the astronomical day con^mences at the noon of the civil 
day, of the same date, it is plain that when the given civil time is in 
the afternoon, or P. M. it answers to the astronomical time of the 
same date ; but when the ^ven civil time is before noon, (or A. M.) 
we must add 12 hours to it, the sum will be the astronomical time for 
the day of the month preceding tiie ^ven civil day. For example^ 
5h. SOm. P. M. civil time, on the 10th of May, is 5h. SOm. astrono- 
nii^l time of the isame date. But 5h. 30m. A. M. civil time, on the 
10th of May, is 17h. SOm. astronomical time., on the 9th of May ; for 
the 9th day of the month, according to astronomical time, commences 
at the noon of the 9th civil day, and ends at the noon of the 10th 
civil dav, (the hours being reckoned up to 24 and 5h. 30m. A. M. 
of the lOth, is 1 7h. SOm, from noon on the 9th. 

4. The astronomical day begins at the instant that the natUictd dmf 
(of the same date) ends, consequentiy nautical time is always 24 hours 
in advance of astronomical time, therefore to turn nautical time into 
astronomical time, we have only to reckon the hours from the pre* 
ceding noon, and then change the date to the preceding day. Thus, 
5h. SOm. P.M. nautical time, on May the lOth, is5h.i^m. astro- 
nomical time, on May *the 9th ; and 5h« 30m. A. M. nautical time. 



on May the 10th, b 17h. SQm. astronomical dme on May the Sth^ 
and so on. 

5. The noon of the astronomical day is at the instant that it be- 
ginsy and the noon of the nautical day is at the instant when it ends ; 
and as both these take place at the noon of a civil day, of the same 
date, it is plain that the same noon answers for any ffven day in either 
of the three methods of reckoning time. 

0. The observed aliilude, or the observed distanee, is the angle 

S*ven by the instriOnent used in taktne the obeenradon, allowing for 
e index error, if any. Thus, if the distance measured by a sextant, 
which has an index error of ^ iO" additive, be 84'' 21' 50", the ob- 
served distance will be 84° &V 50^ ^ 40", or 84° 84' SO". But if the 
index error of the sextant were £^40^ subtractive, and the same angle 
measured by it, then the observed distance would be 84'' SI' 50"— 

2^40^, or 84'' IS' 10". 

. . " - ' ■ ' -1 

7. The apparent aUitude of an object is foupd by applying its semi* 
diameter, and the dip of the horizon,* to its obseryea altitude. The 
dip is always subtractive. The semidiameter is to be added or sub- 
tracted, according as the lower or u|^>er limb of the object has been 
observed 

8. The true aUitude of the Sun, or a Star, is found by subtracting- 
the correction in altitudef from the apparent altUude. In correcting 
a Lunar distance, by the method given in this work, the apparent 
altitudes only are used. In findmg the time, the true aUUude of the 
object is always used. 

* ■ . ■ 

9. The polar distance of an obiect is its distance from the elevated 
Pole of the observer. Hence, when the latitude of the place of ob- 
servation, and the declination of the observed object, are both of the 
same name, (that is, both North or both South) the difference be- 
tween 90^ and the declination is the polar distance ; but when the 
latitude of the place, and the declination of the object are of con- 
trary names, the sum of 90" and the declination of the object ts ita 
polar dibtance, 

10. The apparent distance between any two objects means the ap- 
parent distance of their centres, and is found by applying the semi- 
diameters of those objects to the observed distance, by addition, or . 
jHibtraction, according as the nearest or farthest hmbs have been 
observed. 

11. The semidiameter of the Sun is found in page IIT. of the 
month in the Nautical Almanac, that of the Moon, in page VII. 
for every 12 hours; namely, for Noon and Midnight, at Greenwich, 
when the Moon's semidiameter is required for any intermediate time, 
a proportional part of the difference or variation in 12 hours is to be 
applieid to the semidiameter for Noon or Midnight : this gives the 
horizontal semidiameter, which is to be farther corrected by the aug- 

. * T\m Dip or Dqkreuion of tiie Horison is contained in Table 11. 
-}- Table Vl. contains the correction of the apparent altitad| of the Son or a Star. 
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mtntation from Table IV. (see the explanation of that Table.) The 
fixed stars having no sensible magnitudes, as seen from the Earth, 
are esteemed as mere lucid points ; hence, no allowance is to be made 
for semidiameter in observations of the fixed Stars. 

• PROBLEM I. 

Given the Latitude of a Place, together with the Sun^s true Altitude 
and Declination; to Jind the Apparent Time of Observation. 

RULE. 

I. Add tocher the Sun^s Altitude, the Polar Distance, and th^ 
Latitude of tne place of observation ; find the Half Sum, and the Dif- 
ference between the Half Sum and the Sun's altitude. 

8. To the logarithm of the Polar Distance, add the logarithm of 
the Latitude and the logarithms of the Half Sum and Difference, the 
smp of these 4 Ipgarithms will be the logarithm of the Apparent Time.* 

EXAMPLE I. 

Suppose the Sun*s true altitude, west of the meridian^ is 81* (X, his 
depUnation lO*" ff N. and the Latitude of the place of observation 
42^ (X N. required the Apparent Time of observation P 

Sun's trae Altitude . - - 34*' 0' 

Sun's Polar Distance - - 80 Log. 0,00665 

Latitude 42 Log., 0,12893 

Sqm 166 

Half Sum 78 Log. 4,31788 

Difference *^ .... 44 Log. 4,84177 

Apparent time, P.M. 3h. 31m. Os. Log. 9,29523 

EXAMPLE IL 

In Latitude 33^ 5& S. the Sun's true altitude, observed east of the 
meridian, was £4^ 58', and his declination at the same time was SO 44' N. 
required the Ap(Mu*ent Time of observation P 

Sun's true Altitude - - 24** 56^ 

Sun's Polar Distance - - 92 44 Log. 0,00049 

Latitude 33 56 Log. 0,08109 

Sum 151 38 

Half Sum 75 49 Log. 4,38921 

Difference ^ - - - / 50 51 Log. 4,88958 

Apparent time - - 20h. 11m. 8 s. Log. 9,36037 

« Mile XL eontaios (he Logariihros of the Polar Distance, and Latitude ; Table Xlt tke 
Lpgaritbmf of the Half Sam and DiSerence; and Table Xfll. Uie Loffarithms of the ApptfenC 
Time. B ^ rr 



If civil, or nautical time be required, when the Sun is observed east 
of the' meridian, reject IS hours from the astronomical time. Thus, 
the civil or nautical time in the last Example, would be 8h 1 Im 8s. 
A; M; observing that when the date of the astronomical day is given^ 
the date of the civil or nautical day will be one day farther advanced. 
In the practice of the Lunar Observations^ the apparent astronomical 
time at the place of observation is always to be found. 

PROBLEM II. 

Given the true AltUude of a fixed Slar^ together mth its Right 
Ascension and Declination^ the Latitude of the place of obsemaiionj 
and the Suifs Right Ascension, to fnd the Apparent Time when the 
altitude is observed. 

RULE. 

I. With the Latitude of the place, the Star's true altitude and de- 
clination, find the Star's horary distance west of the Meridian, in the 
same manner as the Sun's horary angle is found by Problem I. 

^. To the complement, to S4 hours^ of the Sun's Right Ascension, 
add the Right Ascension of the Star, and its horary distance ivest of 
the Meridian ; the sum, rejecting Z4t or 48 hours, if necessary, will be 
the Apparent Time of observation. 

EXAMPLE I. 

In Latitude 3S^ 51 N. the true altitude of Regulus, observed west 
of the meridian, was 39^ 2V; the Star's declination was l^SCXN.; 
its right ascension 9h. 58m. 51s. ; and the right ascension of the Sun 
Sh. ^2m. 8s. : required the apparent time of observation ? 

*'s True alt. 39° 21' 
*'s Polar dist. 77 10 Log. 0,01099 
h. m. s. Latitude - 33 51 Log. 0,08066 

24 

Sun's R. A.. . - '- -3 22 8 Sum - 150 22 

Half sum 75 11 Log. 4,40778 

Comp. of G's R. A. - - 20 37 52 Difference 35 50 Log. 4,76747 

#*8 R. A + 9 58 51 

#'s Dist. W. of mend. + 3 23 44 - Log. 9,26690 

Sum— 24»=App. time - 10 27 

EXAMPLE II. 

In Latitude 23° 31' S» the true altitude of Bigel, observed east of the 
meridian, was S8^ 4S' ; the declination of the Star being 8"^ 25' S. ; 
and its right ascension 5h. 5m. 55s. when the Sun^s right ascension 
was 12h. 49m. 31s. : required the apparent time when the altitude 
was observed .'* / 



Son's R* A. - - - 

Comp. of 0*8 R. A. 
#'8R.A. - - - - 
**8 DisU W. of merid. 



h« m, 8. 
24 
-12 49 31 

• 11 10 29 
+ 5 6 55 
+ 19 50 51 



#'8 True alt 28® 42' 
**8 Polar dist 81 ;35 Log. 0,00470 
Utitude - 23 31 Log. 03766 

Sum - 133 48 

Half 8um 66 54 Log. 4,59366 

Difference 38 12 Log. 4,79128 



Log. 9,42730 



Sum— 24^App. time - 12 7 15 



REMARKS. 

1. The method here given of deducing the apparent time from the 
meridian distance of a Star is somewhat difierent from that usually 
given, but the result is the same in both methods. The following is 
the Rule generally given. 

When the Star is observed easi of the meridian, subtraci its horary 
distance from the meridian from its right ascension, increased by S4 
hours, if necessary ; the remainder will be the right ascension of the 
meridian. When the observation is made west of the meridian, add 
the right ascension of the Star to its meridian distance, the sum will 
be the right ascension of the meridian. 

From the right ascension of the meridian, increased by S4 hours, 
if necessary, subtract the Sun^s right ascension ; the remainder will be 
the apparent time of observation. The two foregoing examples would 
stand as follows : 

h. m. s. 

1. Regulus, west of the meridian 3 23 44 

Right ascension of Regulus •--.-•-9 58 51 

Right ascension of the meridian • - - - (Sum 13 22 35 
Sun's right ascension ..-•-. Subtract 3 22 8 

Apparent time, as before -------- 10 00 27 

2. Right ascension of Rigel ^ ^ - 5 6 65 

Horary distance of Rigel, east of the meridian. *Snb. 4 9 9 

Right ascension of the meridian + 24 hours - - 24 56 46 
Sun's right ascension ------- --12 49 31 

Apparent time, as before -------- 12 7 15 



IL When a Star is observed west of the meridian, it is plain that 
its horary angle, reckoned west of the meridian, is less than 12 hours : 
But if a Star be observed east of the meridian, its horaiy angle, reck- 
oning westward of the meridian, must be greater than 12 hours, for 
in this case it is the complement to 24 hours of the Stars horary dis- 
tance east of the meridian ; therefore, when the Star is observed west 
of the meridian, the hours of the horary angle will be found at the 



top of Table (XIII.) ; but when the Star is observed east of meri- 
dian, the hours of the horary angle must be taken from the bottom 
of thai Table, exacdy in the same manner as the Sun's horary angle is 
found. 

III. The right iUKaennons afld decKnalians x>f 61 of the principal 
fixed Stars, for the beginning of the year 1824, will be found in 
Table 1. of the Ajq)eiKlix. The right ascensiona and declinations 
given in this Table may be adapted to any other time, {withiil a few 
years of 1824,) by means of the adtiual varSationi; but whmi tb<i 
Star observed, is one of the 24 Stars, of which the true apparent places 
are given in the Nautical Almanac, for every 10th day or the yeav^ it 
will be easier and more accurate, to take the right ascension and decli* 
nation from the Table there given. 

IV. The Sun*s right ascension is found in page II. of the month 
in the Nautical Almanac, for the noon of every day : the method of 
reducing it to any intermediate time by the rule of proportion is ob« 
vious ; this reduction may, however, be made more easily by means 
of Table X. See the explanation of that table. 

V. With the true altitude, the right ascension and declination ot 
the Moon or any other Planet, the time may be found, the same as by 
a fixed Star. 

PROBLEM III. 

Given the Apparent Distance of the Moon from the Sun, or a Stat^ 
tosftjier with the Apparent Altitudes of the Objects y and the MowCs 
Bbrizonial Parallax : to find the True Distance. 

RULE- 

1 . To the Logarithm of the Moon*^ horizontal parallax, add the Log. 
of the apparent altitude of the Sun, or Star, and the Log. S. of the ap- 
parent aistailc^, the Sum will be the Logarithm of ihejirst correction. 

2. To the Logarithm of the Moon^s horizontal parallax, add the Log. 
of the Moon's apparent altitude, and the Log. T. of the apparent 
distance, the sum will be the Logarithm of the second correction.* 

'6. Take the third correction from Table XVIII. corresponding to 
the given apparent distance ami altitudes. 

4. Add these three corrections to the apparent distance, the sum 
rejecting 10 degrees^ will be the true distance. 

EXAMPLE I. 

Let the apparent distance between the Moon and a fixed Star be 
72° (y (T ; the apparent altitude of the Star 32*^ C ; that of the Moon 
26° C, when the Moon's horizontal parallax is S^O*: required Uie 
true distance? 

* The LogBrithus of the Moon's hor. par. are contained m Table XIV. ; those of the appa* 
rent altitodes in Table XY.; the Log. S. and Log.T. in Table XVl; and the Logarithnii •£ 
the first and seoasd corrections in Table XVII. 



Moonni hor. par. O^^y O'Lojf. 0,0244 Log. 0,0244 

Star's app. alt. 82 Log. 0,7358 >'8App.alt26«0' Log. 0,8182 

App. dirtancfe - 72 Log.S. 0,9782 - - - . . Log.T. 1,4882 

First correct + 4 27 7 Log. 1,7304 



Second correct +58 ^4 Log. 2,3308 

Third correct + 1 33 

Sum— 10^sTraeclit.71 37 4 

EXAMPLE II. 

Suppose the apparent distance between the Sun and Moon to be 
SS"" 19 W, the 8un's apparent altitude 26" S', that of the Moon 
66° 8Si and her horizontal parallax 65' 47': required the true 
distance? 

Moon's hor. par. 0^55' 47' Log. 0,0488 Log 0,0488 

Sim's app. alt 26 3 — Log. 0,8 1 74 d 's Ap.a]t. 66^ 38' Log. 0,4972 

App. distance - 86 19 10 Log.S.0,9991 Log.T.2,l9l3 

First conect + 4 35 27 Log. 1,8653 

Second correct +53 18 **--.---- Log. 2,7373 
Third correct + 2 10 



Siim^lOO:=:Tniedig.86 5 

If the distance in this Example were between the Moon and a 
Star, the third correction would be 2^ 18*; but the distance being be^. 
tween the Sun and Moon, the effect of the Sun's parallax on the dis* 
tance is to be applied ; now this is found in Table r. to be 8* subtract 
Uve^ the third correction is therefore H W. 

EXAMPLE IIL 

Let the apparent distance between the Moon and a Star be 
ge^SffSl"; the apparent altitude of the Mooft 32^12'; the Star's 
apparent altitude 47^ S2; and the Moon*8 horizontal parallax 54t V: 
required the true distance ? 

Moon's hor. par. 0^54' O'Log. 0,0629 Log. 0,062^ 

Star's app. aft 47 32 Log. 0,5921 > 'sap. alt 32*^ 12' Log. 0,7334 

App. distance 96 36 31 Log.S. 0,9971 ..... Log.T. 1, 9355 

First correct + 4 19 54 Log. 1,6521 

Second correct + 4 56 40 Log. 2,7318 

Third correct 4. . 2 14 

Sum.-10<'=Tniedi8.95 55 19 

EXAMPLE IV. 

The apparent distance between the Sun and Moon being 41° l&ftS'i 
the Sun^s apphrent altitude 46"" 2T; that of the Moon 21 ''9'; mad 
the Moon^s horizontal parallax 6O0 85': required ibe true distance? 
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Mixm's hor. pv.. 0o60'36'log. 0,0129 Log. 0.0W9 

Sun's app. alt. 46 27 — Log. 0,5998 >'sAp.dt2P9' Log. 0,9027 

App. distance - 41 16 25 Log.S.0,8193 Log.T. 0,9438 

First correct. + 3 53 26 Log. 1,4320 

Second correct. + 5 24 55 ---------- 

Third correct. + 1 41 



Log. 1,8688 



8iim-]0«=:Tniedi8 40 36 27 



The following collection of Examples will be useful as Exerdaes in 

finding the True Distance, 





r^ 


• 

App. alt. 


D' 


^8 










Exam. 


Hor. Par. 


of © or *. 


App. 


alt 


Apparent 


Dist. 


True Distance. 


1 


56' 21" 


O 20<» 44' 


23° 


58' 


59*^ 


58' 


54" 


59° 50' 24' 1 


2 


58 45 


* 27 43 


48 


22 


81 


23 


38 


81 4 32 


3 


56 32 


0. 25 16 


19 


19 


72 


21 


40 


72 3 50 


4 


61 10 


* 11 51 


44 


33 


64 


36 


40 


64 46 14 


5 


59 21 


72 22 


31 


8 


15 


28 


43 


74 40 43 


6 


59 21 


O 54 12 


48 


40 


76 





33 


75 23 27 


7 


56 56 


31 34 


14 


53 


101 


33 


29 


101 2 49 


8 


55 22 


* 48 18 


22 


43 


77 


44 


4 


77 8 25 


9 


60 39 


* 42 54 


26 


3 


55 


2 


48 


54 32 26 


10 


54 20 


# 49 31 


34 


27 


99 


10 


41 


91 '^0 14 


11 


56 13 


66 50 


21 


30 


57 


16 


19 


56 30 15 


12 


58 35 


19 4 


41 


6 


103 


29 


27 


103 3 18 


13 


56 15 


* 24 48 


12 


30 


51 


28 


35 


51 9 50 


14 


57 20 


# 17 56 


35 


4 


35 


48 


11 


36 5 21 


15 


54 59 


33 24 


50 


59 


64 


4 


47 


63 53 13 


16 


55 53 


# 19 50 


61 


52 


42 


21 


16 


42 49 17 



The mark signifies, that the distance is between the Sun and Moon, and 
the mark « that the distance is between the Moon and a Star. 



PROBLEM IV. 

To find the Apparent time at Greenwich, answering to a given True 
Distance between t/ie Moon and Sun^ or one of the Stars used in the 
Nautical Almanac. 

RULE. 

1. In one of the pages YIIL IX. X. or XL of the month in the 
Nautical Almanac, opposite to the given day, or to that which imme- 
diately precedes or follows it, find two distances of the Moon from 
the given Object, one of which is greater and the other less than the 
given true distance. 

^. Call the difference between the given true distance and the first 
distance, taken from the Nautical Almanac, the first difference, and 



let the difference of the two distances taken from the Almanac be 
called the second difference, 

3. From the Proportional Logarithm o{ the Jirst difference^ subtract 
the Proportional Logarithm of the second difference^ the remainder 
will be the Proportional Logarithm of a part of Time ; to which the 
Time over the first distance being added, the sum will be the Appa- 
rent Hme at Greenwich, answering to the given true distance. 

EXAMPLE. 

August 10, 1823, the true distance between the Sun and Moon was 
found to be 55° 43' 28^ : required the apparent time at Greenwich, 
answering to that distance ? 

True distance - - 55° 43 ^S'^ 

Dist in N. A. at HI. 54 29 58 First diff. - 1«> 13' 30' P. Log. 3890 

Dist. in N. A. at VI. 56 4 Second diff. 1 34 2 P. Log. 2820 

Proportional part of 3 hours - 2h. 20m. 42s. - - P. Log. 1070 
Time over the first distance + 3 

Apparent time at Greenwich -5 20 42 

. As the description of the Sextant, &c. with instructions for taking 
the Observations necessary in finding the Longitude by the Lunar 
method, may be found in all the modern works on Navigation, it has 
been judged unnecessary to enter fully into that subject here. A person 
can Decome an expert and correct observer by practice only ; there- 
fore those who have not been accustomed to observe Lunar Distances, 
should not be discouraged, although their first attempts may not an- 
swer their expectations. By a steady perseverance, with a due atten- 
tion to the directions in the Epitomes of Navigation, it will be found 
that the Lunar Distances may, in ordinarv cases, be as easily observed 
as common altitudes, and so correctly that the Longitude deduced 
from a set will seldom differ 10 miles from the truth. Perhaps some 
of the following hints may be of service to those, who have had only 
written instructions, to assist them in acquiring cxpertness in the prac- 
tice of observing the Lunar Distances. 

» 

1. When the ship is pitching hard, the observer should place him- 
self as near the midships as possible, provided the objects can be seen 
in that situation, the motion there being much less violent than it is 
near the head or stern ; if the vessel be sailing nearly before the wind, 
and rolling very much, it will be usefiil to brace forward the yards 
and alter uie course a little, during the time of taking the observations. 
The Sextant should be held as slack in the hand as is consistent with 
its safety ; most observers at first grasp it tod hard, which renders the 
hand yery unsteady. 

2. When observing with the direct telescope, wtesX care must be 
taken that the line of sight be parallel with tne plane of the instru- 
ment, otherwise the observed distance will be too great ; the middle of 
the telescope should be set opposite to the middle of the transparent 
part of the hcMrizcm glass, and the observation made when the objects 
appear in this situation ; for if the objects be observed too near either 
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the inner, or outer side of the transparent part of the horizon glass, 
the observed distance will exceed the truth, therefore the least distance 
is always to be obsenred* 

3. When the inverting telescope is used, the observation is to be 
made when the objects appear in contact in the middle of the space 
between the wires, these oeing placed parallel to the plane of tlie 
Sextant. This telescope is in general to be preferred to the direct one, 
on account of its greater magnifying power ; but an observer should 
accustom himself to the use of both, because when the motion of a 
ship is very great, the distance may be more easily observed with the 
direct telescope than with the inverting one. It appears rather diffi- 
cult to most people at first to observe with the inverting telescope, but 
practice soon renders its u«e, in ordinary cases, as easy as the other. 
When observing with this telescope, should the objects get out of the 
field of view, the telescope must not be moved in the direction in which 
the objects appear to move but in the contrary one: for instance, 
suppose the Sextant is held in a vertical position, when the objects 
appear to go out of the field of view at the upper part of the tele- 
scope, they actually go out at the lower part, therefore the object end 
of the telescope must be moved downwards to bring the objects again 
into the field of view 

4. The best wa^ to acquire confidence in the Lon^tude, deduced 
from the Lunar Distances, is to make a practice of finding the Liongi- 
tude by the Lunar method ; when near any place, tlie Lon^tude of 
which IS well aticertained : then if the observation give the Lon^tude 
east of the true Longitude, the observed distance has been too greats 
or too smally according as the distance between the Moon and the 
other Object is decreasing or increasing : but if the observation give 
the Longitude west of the truth, the contrary is the case, that is, the 
observed distance must have been too great or too small^ according as 
the Moon's distance from the other Object is increasing or decreasing; 
and the error in the observed distance, in any case, will be about two 
seconds, for every minute of error in the Longitude. 

The following is the usual method of writing down a set of Lunar 
Distances, with the Altitudes of the objects observed at the same 
time, and of finding the mean observed distance and altitudes. 

Times per watch. Dist. and D Alts. O 'si. limb. Alts. D *s up.limb» 



3h. Om. 16s. 
1 35 
3 10 


91°19'10' 

19 40 

20 20 


37° 58' 
37 43 
37 20 


49^58' 
50 15 
50 38 


Divide by 3 4 51 


59 10 


121 


51 simii 


Means - - 3 1 37 
Index errors - - - - - 


91 19 43 
+ 2 50 


37 40| 
— 2 


50 17 



Observed distance and alts. 


91 22 33 

• 


37 38| 


60 17 



the purpose of finding the time with correctness^ when the dist^uice is 
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observed, it is not absolutely necessary to take the time of each ob 
servation by a watch, because, the apparent time of observation may 
be deduced from the altitude of the Sun or Star, observed at the 
same time as the distance, however^ it is generally proper to use a 
watch as a check on the observations ; and if the diiTerences of the 
respective observations are not nearly in proportion to the several in- 
tervals of time, these observations should be rejected, and a fresh 
set taken. 



PROBLEM V. 

The Latitude of a PlacCy and it$ Longitude by Account j being 
given, together tmth the observed Distance between the Moon and the 
Sunj or one of the Stars used in the Nautical Almanac, the observed 
Altitudks of the objects, and the estimated time of observation, toj&id 
the correct Longitude of the Place of Observation. 



RULE. 

1. To the estimated astronomical time at the Ship, apply the Lou" 
gitude in Time, by addition or subtraction, accoraing as the Longi- 
tude by account is west or east ; this will ^ve the estimated time at 
Greenwich^ to which reduce the necessary articles fh)m the Nautical 
Almanac, 

2. From the observed distance and altitudes, deduce the apparent 
distance and altitudes, and also the true altitude of the Sun or Star^ 
if the apparent time is to be inferred therefrom. 

3. If the Sun or Star be at a proper distance from the meridian at 
the time the distance is observed, una the apparent time from the alti* 
tude observed at the time of taking the distance, bv Problem I. or II., 
but if the Sun or Star be near the meridian at the time of observing . 
the distance, find the error of the watch by means of altitudes taken 
before or after the observation of the distance. 

4. From the apparent distance, and the apparent altitudes of the 
objects, together with the Moon's horizontal parallax, (from page VII. 
of the month in the N. A.) find the true distance, by Problem III 

5. Having the true distance, find the apparent time at Greenwich, 
corresponding to that distance, by Problem IV. 

& The difference between the apparent time at the Ship, and the 
apparent time at Greenwich, is the Longitude in Time, and the Lon- 
gitude will be east or west, according as the time at the Ship is greater 
or less^than the time at Greenwich. 

c 
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EXAMPLE I. 

August 14th, 1823, about 8h. Om. P.M. nautical time, in Lati- 
tude 11° W S. and Longitude, by account, 32*^ SQf W. ; the observed, 
distance between the Sun and Moon was 91° 22' 33"; the obsei'ved, 
altitude of the Sun's lower limb was 37® 38'; that of the Moon's 
upper limb 50o 19', and the height of the eye 14 feet: required the 
Lon^tude of the Ship. 

iL in* 
Estim. astron. time at Ship, 13 Aug. - 3 Moon's hor. par. at noon - - - - 55' Sl*^ 
liougitudeitttiwu?, W., * - , - -|. 3 }a Qorvctip^ $fr 5h. JiOw^ „...•.- 8 

Brfffirtml time at Oreeiiftidi - - - 5^ 10 Redacedhor. par. .«.*-*-6592l' 

gbserved dUtanc^ of <a lipd ) - 91°^f3a*^ Mocia'isnw*. jtiwi r n - - ^ IST 7f 
Shn'b semidiameter - - - - + 15 40 Corveotioii fijr ^. IQm, ----- — 2 

Moon's semidiameter - - - « - + 10 17 Aagmentatkrn ,'--.if---'ri*f>19 

Apparent Distance 915339 Moon's true semid. ...... 15 17 

Obsenred alt. 'slower limb - - 37^36' Ofaprved alt ys apper limb - - - 50^19^ 
Sun's semid. — dip of hor. .... ^ 12 Moon's semid. -f- aip of hor. ... — 19 

Sun's upRarent latitude - . . . , 37 50 l^ooo'f mp. a)|. •^^"••'--.500 
Sim's correction w alt .-.;...— 1 

Snn'q true apude ....... 37 49 ^^Bifc^ aiiVHQl HR5ir 5* 

Spn'a Polar distance 104 48 Log.Q.0l465 qorc, fpr 5J(>. IQm. — 3 56 

Latitude 1125 Log. 0.00868 'a Corr. declin. -f 14.48 9> 

90 

Sum 154 2 — '^ — 

Half Sum -....-,.. 77 1 Logr.43B164 ©'« Polar ast- - 104 48 9 

Differenoe «... 3912 X^4.800P>4 

App. time at Ship Sh. 2m. lis. Log. 9J7561 

Moon's hor. par. - - ©OSS' 23* Log. 0.0619 Log. 0.0619 

S^n's app. »Uf - - 37 6)0 ~ Log. 0.6^3. ^^i App. alt 50P 0' Log. 0.5767 

Apparent distance -9153 39 Log.S. 0.9998 ....... Log. T. 2.4792 

First correction - + 4 26 1 Log. 17^240 

Second correction -f4 58 36 -.. Lo<r. 3.1068 

Third correction + 1 56 

Sum-lQOiifrnie dis, 91 20 11 

IHsL in N.A. at 3h. 90 18 50 First diff 10 1' 2F P. Log- 4^6 

Dist in 1^.A. at ^. 9144 10 Seconddiff. 1 25 20 P. Log. 3212 

lb, il« % ■ ■ ' 

Proportional part of 3 hours 2924 P. Log. 1433 

Time over first d^st«iape, in N. A. - - - -. 3, ,, 

Apparent time at Oreenwichi ----- 6 9 2A. 
Apparent time at Ship ........ 32 11 

» ' — , 

Longitude in time 2 7 13 = 31© 48' 15" W. 



li 



EXAMPLE II. 

December 25, 18^, at dti. 30m. A. M. nautical time, vi LatituSe 
9Sr 0' S. and Longitude, by account, 37° 30' E. ; the observe dis- 
tance between the Sun and Moon was 81° I' 30"; the observed alti- 
tude of the Sun's lower limb was 55° 58' ; that of the Moon^s upper 
limb 41° 54', and the height of the eye 13 feet : required the true 
Longitude of the Ship. 

h. m. 
Estim.astron. time at Ship 24th 21 30 Moon*s hor. par. at mianight 57' 40* 
Longitude in time, E. - 2 30 Correction for 7h. Om. - - — 13 

Estimated time at Greenwich 19 Moon's correct hor. par. - • 57 27 

Qbserved dist. of ©and D 81° V 30' Moon's semid. at midnight - 15' 43* 

SuD^s semidiameter • - -f 16 18 Correction for 7 h. Om. 3 

Moon's semidiameter - + 15 51 Augmentation- - - - •n+ll 

Apparent distance - - 81 33 39 Moon*s true semidiameter - 15 51 

Obs, alt of ©'s low. limb - 55^ 58' Observed alt. of ys up. limb 41*54' 
Sun's semid. — dij. - - - -f- 13 Moon's semid. + dip - - — 19 

Sun's apparent altitude - 56 11 Moon's apparent altitude - 41 35 
Sun's correction in alt. - — 1 



Hun's true aWtade . * - 66 10 ©'sDecl.at noon 23°27' 

Sun's polar distance - - 66 34 Log. 0.03738 Cor.forl9h.0m. — I 

Latitude - 29 Log. 0.05818 _ , ^ ^ ,. "TTT^ 

^ Reduced dechn. 23 26 

Smn 151 44 90 

Half Sum 75 52 Log. 4.38771 ^, ^. -Tm 

Dtflference - - - - - 19 42 I^g. 4.52775 ^^^ distance - 66 34 

App. time at Ship. 2ih. 30m. 348. Log. 9.01102 

Moon's hor. par. 0«» 57'27'Log. 0.0360 Log. 0.0360 

Sun's app. alt 56 1 1 — Log. 0.5405 D 's ap. alt 41 ° 35'Log. 0.6380 

App. dbunce 81 33 39 Log.S. 0.9953 ----- Log.T.1,8290 

First correct + 4 11 45 Log. 1.5718 ' ■' ' 

Second correct. + 5 5 39 Log. 2.5030 

Third correct + 1 37 

8iim^lo<':=Tniecli8.80 52 40 

Dis.inN.A.atl8h.81 2148 First diff. - 0^29* 8'' P. Log. 7909 

Dis.inN.A.at^lh.79 49 44 Second diff 1 32.4 P. Log. 2912 

Apparent time at Greenwich, (add 18h.) - 18 56 58 P. Log. 4997 
Apparent time at Ship •«..-• 21 30 34 

Longitude in time . - 2 33 36 = 38^ 24' 0' E. 
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REMARK. 



In the last Example, and also in those that fdlow, the time over 
the first distance, taken from the Nautical Almanac, b added to the 
proportional part of S hours without being placed under it. 



EXAMPLE III. 

March 14, 1824, about lOh. 5Sm. P. M. nautical time, in Lati- 
tude 34° 53f N. and Longitude, by account, 82° Of W. the observed 
distance between Pollux and the Moon's nearest limb was 47° lO* L(f ; 
the observed altitude of the Star, west of the meridian, was 68° 4', 
and that of the moon's lower limb 59° 43' height of the eye 12 feet : 
required the true Longitude of the Ship ? 

u> m. 
Estiro. astron. time at Ship 13th March • > 10 52 Moon's hor. par. at midnigfat -W 441* 

Xiongitade in time, W. --.....-|'2B C(»rrection for Ih, Om. • - — 1 

£$ttmated time at Greenwich 13 Corrected hor. par. - - - 60 43 

Observed dist of* from D 's nearest limb 47^10' 10^ Moon's semid. at midnigfat - 16'33' 

J) 's H<Nrizontal semidiam. -f- aogmentation - + 16 49 Correction for Ih. Oul - - 

I ' 

Apparent distance ---. 472669 Corrected semidiameter - - 16 33 

(Star's observed altitude - - • 53^ 4' Observed alt D 'slower limb 59043^ 
Dip — 3 Semid.— dip +18 

star's apparent altitude - > - 53 1 Moon's appamet altitude • 69 66 

Refraction in altitude > - - - — 1 

iter's true altitude 53 Sun's R. A. at noon - - 23 33 66 

Polar dist of Pollux, from N. A. 6133 Log. 0.05590 Correction for 13h. Om. - + 1 68 

Latitude 34 53 Log. 0.08602 

0'8R.A.attimeofob8. 33 35 54 

Bam 149 26 24 

Half Sum 74 43 Log. 4.42093 

Difference 2143 Log. 4.56822 Comp. of Q 's R. A. - - 24 6 

h. m. 8* ■ ■ 

Pollux W. of the merid. - > 2 52 36 Log. 9.13107 
R. A. of Pollux, from N. A. + 7 34 35 
Comp. of 0'sR.A. - + 24 6 

3am=:App> time at Ship - 10 51 17 



Moon s hor. par. - - - - 0O60' 43"' Log. 0.0120 Log. 0.0190 

star's app. aft 53 1 — Log. 0.5576 ]) 's App. alt 590 56' Log. 0J228 

Ai^Murent distance - - -.-47 26 59 Log.S. 0.8673 Log. T. 1.0372 

First correction . - - + 3 54 11 Log 1.4369 

Second correction --+ 548 13 -------•••--•- juog. 1J72Q 

Third correction - '^ Hh ^ 

Sum ^10O=;Trqc dist , . 47 10 18 

Pist in N. A. at midnight . 46 34 10 First di£ 0036^ 8* P. Log. 6974 
Distance in N. A. at 15h. - 48 24 39 Secdiffi 150 29 P. Log. 2120 

h* m. s. - 

Apparent time at Greenwich 12 5852P. Log. 4854 

Apparent time at Ship - - - .' . *. . . . 10 51 17 

liQOgitade in time 2j 7135 = 31^ 53' 46» W. 
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EXAMPLE IV. 



March S3, 1824, about 9h. 50m. A. M. nautical time, in Lati- 
tude 86** T N. and Longitude S0° (X W. by account, the following 
observations were made ; height of the eye 16 feet : required the true 
Lon^tude of the Ship ? 



Sami djy. by 3 

Means - • - 
Index errcn - 
Semidiameters 
Dip of Iwrison 

A|».diflt&altf. 



Obii.dia.O 
k ^'snear- 
eat limbs. 


Obs.a1ts. 
0's lower 
limb. 


Obs.aIts 
1^ *B oppei 
limb. 


78069' 60* 
69 10 
68 40 


43045/ 0* 

43 69 

44 12 


16037' 0* 
16 23 
16 12 


27 40 


1166 


73 


78 69 13 
+ 260 
+ 30 67 


43 68 40 



+ 16 4 

— 3 49 


16 24 


— 14 63 

— 3 49 


79 33 00 


44 10 66 


16 6 18 



h. m. 
Estim.astron.timeatShip23dMar.21 60 
Longitude in time, W. - - <4- 120* 



Estim. time at Greenwich 22d. - 23 10 

Moon's semid. atnoonSSd - - 14'49' 
Correction for Oh. 60m. .... 



Corrected semidiameter - - - 14 49 
Aagmentation >...... 4 

Sun's semidiameter ..... 16 4 



Sam of semidiameters - - - - 30 67 



44Ol0'65* 
— 63 



San*8 app. idi' . . 
Correruon in alt 1 



Smi*s true aK. - - 44 10 
Son's polar distance 88 63 
Iiatitiide .... 



36 7 



Sam 169 10 

Half som - - - - 84 36 
Difference - . . 40 26 



Log. 
Log. 



Log. 
Log. 



0.00008 
0.09369 



a97496 
4.81180 



App,timeatShip21h.62m.]0k Log, 8.87963 



Moon*8 hor. par. at noon, 23d - 64' 23* 
Corr. fbr0h.60m. + 1 



]) 's Corrected hor. par. - - . 64 23 

Son's declin. at noon 23d. • lo 7' SO'N. 
Correction for Oh. 60m. - 48 



Corrected declination • . 1 6 ^N. 

90 



Snn's polar distance - 88 63 18 



Moon's hor. par. - 0O64'23«^Log. 0.0698 Log. 0.0698 

Son's app. alt . - 44 11 — Log. 0.6168 d '« App. alt 16^ 6^ • - Log. 1.0176 

Apparent distance - 79 33 Log. a 0.9927 Log.T.17343 

First correction - + 4 21 27 Log. 1.6693 

Second correction -f6247 Log, 2.8115 

Third correction + 2 29 

Sam-10O=Trae dis. 78 69 43 

Dist in N. A. at 21h. 80 44 Firstdifi: ^ • - PI' 1« P. Log. 4698 

DiatinN.A.atNoon78 39 1 Second diffl - - 12143 P. Log. 3430 

Apparent time at Greenwich 23 14 26 P. Log. 1268 

Apparent time at Ship 21 62 10 

Longitode m time 1 22 15=20O33'4o«\^. 

Besides the opportunities afforded to the Navigator of determining 
his Lon^tude by the Distances of the Moon from the Sun and the 
Stars, which are fi;iven in the Nautical Almanac, he may now find 
the Longitude, with equal ease and certainty, from observations of 
ihe Moon with Venus, Mars, Jupiter, or Saturn. The distances 
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of the Moon from these Planets, with the other necessary data^ being 
^ven in Schumacher* s EjAemeris. This very useful work is printed 
at Copenhagen ; but the distances, &c. are calculated for the meridian 
of Greenwich, and the explanation is in English. 

The mode of finding the Longitude by this method, is nearly the 
same as that employed in finding the Longitude from a distance be- 
tween thje Moon and a fixed Star. If the distance between the centre 
of the Planet and the enlightened limb of the Moon be observed, no 
correction will be necessary for the Planet's semidiameter. The effect 
of the Parallax of JujHter or Saturn may be neglected ; it is however 
proper, in most cases, to apply a correction to the apparent distance 
between the Moon and Venus, or Mars, for the effect of the Parallax 
of these Planets. If the apparent distance between the Moon and 
a Planet exceed 34% the effect of the Planet'^s parallax on the distance 
naay be found by the small table P in Table XVIII.j as follows : 

Enter table P with the given distance and altitudes, using the alti« 
tude of the Planet for that of the Sun, and take out the correspond- 
ing correction ; multiply this by the horizontal parallax of the Planet, 
and divide the product by 9$ the quotient will be the efiect of Planet^s 
parallax on the distance, to be applied by addition, or subtraction, ac- 
cording as the effect of the Sun s parallax would be applied, if the 
distance, &c. were of the Sun and Moon. For example, 

Suppose the apparent distance between the Moon and Mars is 60^, 
the apparent altitude of the Moon 60^, and that of the Planet 40^ 
when its horizontal parallax is 12^. 8, required the effect of the parallax 
of Mars on the distance. At apparent distance 6(r in Table A VllL 
in the small taUe P imder the Sun's altitude 40°, and opposite to the 
Moon's 60°, is 6" to be subtracted ; now G' x 12^. 8 = 76. 8, which 
being divided by 9 gives 8^ 53> or 8}" , to be subttaeted from -the iq[H 
parent distance, or from the third correction, before it be applied to 
the apparent dbtance. 

The horizontal parallax of each of the feur Phmets, bcffore men- 
tioned, is mven in Schumacher's tables, and also the semidiameter of 
Venus ; the semidiametera of the others may be easily found, aa 
follows : 

1. To find the semidiameter of Mars, — Multiply the horizontal 
parallax of the Planet by 3, and divide the product by 4, the quotient 
will be the semidiameter. 

2. To find the semidiameter of Jupiter, — Multiply its horizontal 
parallax by 11, the product will be the semidiameter. 

3. To find the semidiameter of Saturn, — Multiply its horizontal 
parallax by 10, the producTwill be the semidiameter. 

These methods of finding the semidiametera are only approximations, 
but will be suflBciently exact for finding the semidiameter of a Planet, 
for the purpose of applying it to an observed Lunar Distance ; how- 
ever, if the distance between the Moon's limb and the centre of the 
Planet be observed, no ccnreetion for the semidiameter is required. 

EXAMPLE. 

March 14, 1824, about lOh. SOm. P.M. nautical time, in Lati- 
tude 34^ 56' N. and Longitude, by account, 32° W. the observed 
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distance between the Mootfs nearest limb and tbe centre of Jtupiter 
was 65^ T 53" ; the observed altitude of Jupiter, west of the meri- 
dian, was 37° 18', and that of the Moon's lower limb 59° 26'; the 
height of the e^re being 16 feet: required the true Longitude of 
the Ship ? 

b. HI. 
Bstim. astron. time nt Ship 13th March - 10 80 ]Moon*s her. pnr. at midnight • • 60^44' 
Long, by ac«. 3lP VV. in tiiud ••+28 Correction for Ob. 39m. .... 

Estiinnted time at Greenwich - - • 1*2 38 Corrected hor. par. -^-•-.6044 

OU. di8.orj lip. from 3l*8 nearest limb 65^ 7' 5:}" iMoon^s semid. at midnight - - . 16' 33" 
Moon's Irorizoiital Semid. 4- Aiig.^ 4-16 49 Correction for Oh. 38m. .... 

Apparent dintauce - - - r - ' 6h 'Z^ 42 Corrected semidi^meter - • - • 16 33 

Qbsd. nit of Jupiter - S^^'IR' Obs. alt ])f*s lower Unib .... 59<'9I> 

Dip of hor. - • . . — 4 Semidlameter — ^ dip - . • . .|. ]3 

App. altitude • - - 37 14 Moon^t app.aH. • 5939 

Retraction . . »i . — | 

Decl. ofjup. at noon 13 March - 23^32*43*' 

Trne alt of Jupiter - 37 13 Correction for ]2h. 88m. - • -f d 

Polar dieUuicek - - . 66 37 Lgg. 0.03777 ■ 

I«atitafle • - - • - 34 56 tog. 0.08628 Corrected declination • . . .23 32 45 

• ' -..-.. -_ h* m. 8. 

Sum ..... .13836 R. A. of Jop. at neon 13tfi Mawh - 6 635. 

tialfSimi - . • . 69 18 Log. 4.54836 Correction for 12b. 38m. • # . + 7 

Difference - ... .^2 & Log. 4.72522 . . 

h. ni. 8. r- Corrected right ascension - . • 6 6 42 

Jnp. W. of merid. . 3 59 54 Log* a39f 63 h. m. s. 

R. A. of Jnpiter > . 6 6 42 Snn*s R. A. at noon 13th .March . 23 33 56 

Comp. of Q 8 R. A. 0^8 Correction for 12h. 38m. - - . 4. 1 56 

App*tiautM»Sbip .10 30 44 Sun's corrected R. A 23 35 fid 

24 

Complementer 0*sR. A. • - • 24 8 

Moon's her. par. . . . Oo 60' 44" Log. 0.0118 Log. 0.0118 

App. alt of J.ipiter - • 37 14 » Log 0.6782 D 's App. alt 590 39* Log. 0.5240 

Apparent distance - -65 24 42 Log.S. 0.9587 . Log.T. L3396 

Firat ccHTectipn - - 4*. 4 19 35 Lo& 1.6487 ■ , „ 

&!ecoD(]( correction - + 5 23 59 ............ Log. L8754 

Third aorrrction - + 1 24 

Smn— lOo=:TniediHt - 65 9 40 

IWst of J) «t V at III. n. 64 46 5 First diflT. . O^ 23' 35" P. Log 8827 
Dist. of D & 1^ at 15h. 66 37 41 Second djlf. 1 51 36 P. Log. 2076 

h. ni. s. . 

Apparent time at (Jreenwich ------- 12 38 2 P. Log. 6751 

Ai>parsBt time at Sliip 10 3044 

Longitude in time "i 7 18 = 31° 49' 30* W. 

REMARK. 

Ii> finding the Longitude by a Planet and the Moon, the observa- 
tions may often be made .soon after sun set, or shortly before sun rise, 
when the twihdu is so strong, and the horizon so well defined, as to 
admit of the altitudes of die objects being observed with great accu- 
racy : the angles may also frequently be read oflF the instruments with- 
oujt the assistance of artificial light. 
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In the foregoing Examples it has been supposed that the altitudes of 
the objects were found by observation, it however sometimes happens 
in the night, that the distance between the Moon and a Star may be 
very correctly observed when the horizon is so obscure as to render the 
observed alutudes rather uncertain. Also in the practice of the Lunar 
Observation on shore, it is not always convenient to observe the alti- 
tude at the same time vnth the distance ; in such cases it is necessary 
to find the Altitudes by calculation. For the computation of on alti- 
tude, it is necessary to have the following elements : 

1. The Latitude of the place : and its Longitude by account 
ft. The apparent time at that place when the altitudfe is required. 

3. The declination of the object, and also its right ascension, to- 
gether with that of the Sun, if the object, whose altitude is required, 
be the Moon or a Star. 

In the following Ruk^ the right ascension and declination of the 
Sun or Moon are understood to be taken from the Nautical Almanac, 
and the right ascension and declination of a Star from Table I. of the 
Appendix, or from any other correct Catalogue. The places of all 
the Stars from which the Moon's distance is given in the Nautical 
Almanac, will be found in the Table containing the true apparent 
places of ^4 of the principal fixed Stars, at the end of that woric. 

PROBLEM VI. 

Given the Latitude of a place^ and its Longitude bjf account^ together 
mth the Apparent Time^ tofnd the True Attitude of a known Cdestiat 
Object. 

RULE. 

1. Find the horary distance of the object from the meridian. This^ 
if the object be the Sun, is the interval between the given apparent 
time and noon ; but if the object be the Moon or a Star, aad the 
Sun's right ascension to the given apparent Ume, the sum rejecting 24 
hours, if necessary, will be the right ascension of the meridian ; the 
difference between this, and the right ascension of the given object, will 
be its horary distance from the meridian. 

2. If the Latitude of the place, and the Declination of the given 
object, be both North, or both South, their difftrence will be the meri- 
dian Zenith distance of the object ; but if one be North and the other 
South, their sum will be the meridian Zenith distance. 

8. Add together the Logarithm of the horary angle of the object. 
Table XIII., the Logarithms of the latitude and DecUnation used 
as Half Sums, in Table XII., and the Logarithm of the meridian 
Zenith distance, used as a Latitude, in Table XI ; the sum of these 
4 Logarithms, rejecting 10 from the Index, will be the Logarithm of 
an arch in time, in Table XIII. 

4. Turn the above found arch into degrees, &c. and using it ai^ a 
Latitude, take out its Logarithm from Table XL, which add to the' 
Logarithm of the meridian Zenith distance, (before found) the sum 
will be the Logarithm of a Polar Distance, in Table XI., which will 
be equal to the True Altitude of the given object. 



. i 
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EXAMPLE. 



^ May 10th, 18249 by nautical time, at lOh. 39m. S58. apparent 
time, P. M. in Latitude 37^ 42^ N., and Longitude by account 
67° SC W. : required the true altitude of Aniarei. 



Afltron. time at Ship, 9th May - 10 S9 26 
Loi^titnde in time, W. - - + 4 80 



time at Greenwich - 15 9 95 



Shm'tlLA. atnoon9thMay - 3 5 9 

Correction finr 15h. Sto. - - -f 3 28 

Son's Redaced R. A. - - - 3 7 37 

Apparent time at Ship • - • 10 39 25 

Right awencion of meridian - 13 47 3 

Right ascension of uintoretf . 16 18 42 

Star's horary angle • . . . 2 31 40 

S^s declination 26^ 2^ S 

Latitude 37 42 N 

Star's merid. zenith distance • 63 44 

h« m« s. 

Aichintime 8 14 32 

Arch in Degrees <•.... 48^38^ — > 

Tmealtitade 17 — 



. - - - Log. (Tab. Xm.) 9.02345 
Asaisun Log. (Tab. XU.) 4.95354 
As a|sam Log. (Tab. XU.) 4.89830 

As a Lai Log. (Tth. XL) 035404-0,35404 

.... Log. (Tab. Xni.) 9.22933 

As a Lat Log. (Tab. XI.) 0.17988 

AsaPo].dist.Log.(Tab. XI.) [ 0.53392 



As the apparent altitudes are used in correcting a Lunar Distance, 
it is necessary to reduce the true altitudes, when found as above, to 
the apparent altitudes ; this, when the object is the Sun or a Star, is 
done by taking the correction for the given altitude, fron^ Table VI., 
and adding it to the true altitude, the Sum will be the apparent alti- 
tude. Thus the apparent altitude of a Star, when its true altitude is 
17° (X, would be 17® 3' 6*, or the apparent altitude of the Sun, when 
the true altitude is 17*" (X, is 17° 2' 56*. But when the true altitude of 
the Moon is to be reduced to the apparent altitude, it will be neces- 
sary to proceed as follows : 

With the Moon s true altitude, used as a Latitude, take out a Lo« 
j^thm from Table XI. to this Log. ; add the Proportional Loga- 
rithm of the Moon*8 horizontal parallax, the sum will be the Propor- 
tional Logarithm of the Moon's parallax in altitude, from whicli sub- 
tract the refraction in altitude, (the starts correction in altitude, Table 
VI. is the refraction in altitude, of any object ;) the remainder being 
subtracted from the true altitude will leave the apparent altitude* 
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EXAMPLE. 

Suppose the Moon*s true altitude is 35^ 23', when her horizontal 
parallax is 59' ^^\ V/hat would be the apparent altitude of the 
Moon? , 

Moon's tnie altitade 35^ 23' < As a Lai Log. iirom Table XI. - - a0887 

Conect. of Moon's alt .... — 47 Moon's hor. par. - 89^ 42* P. Log. 04793 

Moon's apparent altitade - •< - 34 36 Moon's par. in alt. 48 40 P. Log. 6680 

Moon's refr. in alt. 1 20 



Corr. in alt - - • 47 20 

REMARKS. 

I. If great accuracy were required, the op^^tion of finding the Moon's 
correction in altitude ought to be repe^tted^ using the Moon's apparent 
altitude, as found above, in place of the true altitude, and then sub- 
tracting the correction thus found from ^e true altitude ; however, 
one operation is quite sufficient for the purpose of finding the Moon's 
apparent altitude, as required in the method of correcting the Lunar 
Distances, which is given in this work. 

II. If an oUect be near the meridian, in bearing, or azimuth, 
when its altituoe is to be computed, any probable error in the appa- 
rent time, will not cause a materisd error in the altitude ; but any error 
in the Latitude will, in this case, cause nearly an equal error in the 
altitude. 

III. If the object be near the prime vertical, that is near the east or 
west, at the time its altitude is to be found by calculation, any proba- 
ble error in the Latitude of the place will cause very little error in the 
altitude ; but an error in the apparent time will then greatly afiect the 
altitude. In this case the error m the altitude arising from an error of 
1 minute of time, will, in places near the Equator, be nearly 15 mi- 
nutes of a degree ; in high Latitudes the error is less. 

IV. When the object is considerably distant, both from the meri- 
dian and prime vertical, its computed altitude is affected by an error 
either in the Latitude or apparent time; but the error (^ altitude, 
arising from an error in the Latitude, will not be so great as when the 
object is near the meridian, nor will the error, occasioned by an error 
in the apparent time be so great as when the object is near the prime 
vertical, 

V. The apparent altitudes being found by computation, the true dis- 
tance and time at Greenwich, are to be found in the same manner as 
before : but it very rarely happens at sea that the altitude of the Moon 
may not be observed with sufficient accuracy, for the purpose of clear- 
ing the distance of parallax and refraction, nor is it often necessary to 
calculate the altitude of a Star ; however, as any given error iO' the 
altitude of the Star, will in general cause a greater error in the com- 
puted distance, than an equal error in the altitude of the Moon, it is 
proper, when the observed altitude of the Star is at all uncertain, to 
compute its altitude. 
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In cases where there is not a sufficient number of observers to take 
the .distance, and the altitudes of the objects, at the same time, it is 
necessary to observe the altitudes both before and after the time of 
taking the distance, and then reduce them, by the Rule of Proportion, 
to what they would be at the time the distance is observed. Tnis may 
be done in the following manner : 



Timetf. 
h. m. 8- 
Ist 3 24 16 

2d. 3 31 50 


Ob9.ait 0'8 
Diff. 

m. 8. 27® 14' 
734 

25 53 


Diff. 
10 19/ 


Times. Obs. alt. p 's op. U 
h. m. 8. Diff. 
1st 3 24 58 m. 8. 31° 24' Diff. 

8 23 Oo 35* 
2d. 3 33 21 31 59 




Times. 


Dists. and 2)*s nearest limbs. 




b. m. s. 








3 96 U 




68^ 34' 50* 




27 49 




35 40 




29 31 




36 30 


Sums 


23 34 


120 


Means 


3 27 61 


68 35 40 



Here the interval between the time of observmg the first altitude of 
tlie Sun, and the mean of the times, when the distances were observecl, 
is 8m. 35s. ; and as the Sun^s altitude decreases 1° 19' in the space of 
7m. S4s. the change in 8m. 85s. will be 0° 37\ which is to be sub- 
tracted from the first altitude, because the altitude is decreasing: 
hence the altitude of the Sun's lower limb, corresponding to the mean 
distance, is 26° 87'. 

In the same manner the altitude of the Moon*s upper limb, corre- 
sponding to the mean distance, is found to be 31° 36', we have there- 
fore the following set of observation : 

Inne per watch of obs. Obs. dist 0& ]) 's nrst limbs. Obs. alt. Q 's L 1 Obs. alt. ]) 's np.l. 

3h. 27m. 51s. 68° 25' 40" 26° 37 31*» 36' 

From these, the Longitude is to be deduced in the same manner as 
before. It will be proper, however, to find the error of the watch by 
means of a set of altitudes, taken before or after the altitudes, to oe 
employed in correcting the distance. It seldom happens but the alti- 
tudes of at least one of the objects, may be observed at the same time 
as the distances, in this case ; it is generally proper to observe the alti- 
tudes of the Sun or Star along with the distances, and then deduce 
the altitude of the Moon, as in the foregoing Example. 
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ON FINDING THE 



Longitude by Chronometers. 



This method of finding the Longitude depends on the same prind- 
pie as the Lunar method, that is, 6n being able to find the respecdve 
times at two meridians, for the same instant of absolute time, when 
the difi^erence of these times will give the difierence of Lon^tude be« 
tween the two meridians. For example, 

Suppose a Chronometer that keeps mean time exactly, be set to 
' mean time at Greenwich, and then taken to another meridian, where 
the mean time is found, by observation, to be 4 hours at the instant 
that the time by the Chronometer is only ^ hours ; we know that the 
place of observation is 80° E. of Greenwich, because the time at that 
place is 9, hours farther advanced than the time at Greenwich : but if 
the time shewn by this Chronometer were 4 hours at the instant, the 
mean time found, by observation, is only 2 hours, then the Longitude 
of the place is 30° W, of Greenwich, because the time at Green- 
wich is 2 hours farther advanced, than the time at the place of ob- 
servation. 

A Chronometer generally deviates something from mean time in its 
rate of going ; the portion of time which it gains or loses on mer.n 
time, during ^4 hours, is called its Daily Rate, or simply the Rate^ 
and what a Chronometer is fast or slow, for mean time at a given 
meridian, is called its Error for that meridian. Those who reckon 
the Longitude from the meridian of Greenwich, should always have 
the errors of their Chronometers for that meridian. If the rate of a 
Chronometer and its error^ for any particular time be known, the error 
for any other time is found by multiplying the rate by the number of 
days between the times. Thus, let the rate of a Chronometer be 
5s. 4 gaining, and it is found to be fast for mean time at Greenwich, at 
noon, on the 5th of June, Oh. 11m. Sis. ; the error on the 2d of July, 
at noon, would be Oh. 13m. 57s. ; for here the number of days elapsed 
is 27 and 5s. 4. x Je7 = I45s. 8. or 2m. 26s., and Oh. llm. SJs. + 
2m. 26s. = Oh. 13m. 57s. 

But it is better to set down the errors for the noon of each day at 
Greenwich. For example, Let there be two Chronoineters, Nos. 185 
and 230, No. 185 is slow for mean noon at Greenwich, on the 1 0th 
of June, 1824, Oh. Om. S7s., and is gaining on mean time 98. 6 in 
24 hours. 
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On the same day. No. 230 is slow for mean noon at Greenwich, 
Oh« 98m, 46s. and is losing on mean time 3s. 5 daily ; the errors for 
the subsequent days may be set down, as follows : 



Date. 


Errors of No. 185. 


Errors of No. 230. 


1824. June 


h. m. s. 


h. m. s. 


Th. 10 


37,0 — .# 


28 46,0 — 


Fr. il 


27,4 — 


28 49,5 — 


Sa. 12 


17,8 — 


28 53,0 — 


Sun. 13 


8,2 — 


28 66,5 — 


M. 14 


1,4 + 


29 0,0 — 


Tu. 15 


11,0 + 


29 3,5 — 


W. 16 


20,6 + 


29 7,0 — 


Th. 17 


30,2 + 


29 10,5 — 


Fr. 18 


39,8 + 


29 14,0 - 


Sa. 19 


49,4 + 


29 17,5 


Sun. 20 


59,0 + 


29 21,0 - 


&c. 


&c 


&c. 




. 





It is very convenient to have a Table of this kind attached to the 
Nautical Almanac. Or the errors of a time-keeper for the noon of each 
day, may be set down in the margin of page II. of the month in the 
Nautical Almanac, in this case the error for the given day may be 
taken out along with the equation of time. It is plain that when the 
error is wanted for any otner time, than noon at Greenwich, a pro- 
portional part of the daily rate must be allowed. 

PROBLEM VII. 

Having a Chronometer^ of which the error for Mean Time at 
Greenwich is known, and also the Latitude of a place ^ to find the 
Longitude of that place. 

RULE. 



1. When the Sun, or a known Star, is at a proper distance from 
the meridian, take a set of altitudes and note the corresponding times 
by the Chronometer ; to the mean of the times by the Chronometer, 
apply its error for mean time at Greenwich, by addition or subtraction^ 
according as it is too slow or too fast, the sum or difference will be the 
Mean Time at Greenwich when the observation is made. 

% From the mean observed altitude, deduce the true altitude. 

* It is psnal to distingtush th« errars and raie9 of Time-keepers by the signs 4* aQ<l — ^^ 
m%a i- l^ing attached to the error to signify that it is fast; or to the rate to denote that it is 
gaining* The sign — signifies the contrary. 
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8. With the Latitude of the place^ the true altitude, and the de- 
chuation of the object, find the Apparent time by Problem I. or II*, 
according as the altitude of the Sun or a Star has been observed. To 
the Apparent Time, apply the equation of time, (from page 11. of 
the month in the N. A.) which will give the Mean Time of observa- 
tion at the Ship ; the diiference between this dme and the Mean Time 
at Greenwich, is the Longitude of the Ship in time, and the Longi- 
tude will be east or west^ according as the time at the Ship is greater 
or kss than the time at Greenwich. 



EXAMPLE I. 

August 25, 1823, nautical time, in Latitude 9,T 35* S. the follow- 
ing altitudes of the Sun's lower limb were observed east of the meri- 
dian, together with the corresponding times by a Chronometer, that 
was at that time too fast for mean time at Greenwich Im. 48s. ; the 
index error of the instrument with which the altitudes were observed, 
was 3' 10" additive, and the height of the observer'^ eye 14 feet: 
required the Longitude of the Ship ? 

Times per Chr. AltO'allimb. ©'a semidiameler - l^BS^ 

h m 8 Dip - - - —3 36? K ^ 

10 35 33 31° ay 10» Ci. iniat - -1 38i:l_l 

KW ^ M Cor.rfob«idt- - 10 48 

-r ri "T The astron. time at (Greenwich 

Divide by 3 - - 69 ^ ^ ia SSh. 26m. Aog. 24. 

Means - - - - 10 26 23 - - - - - 31 ^ ?2 ©'» Deck. 24th iWyiO^N. 
Chr. fast, (sub.) - 1 48 Index enror + A U ^^^ ^^ ggj^ 35^^ 19 jq 

BIT. at Greenwich 10"^^ Observed alt 31 40 30 Corr. declin. - 11 
M.T.atShip - - 9 2 23 Cor. of obs. alt -f- 10 48 



Long, in Time - - 1 22 12 's true alt - 31 51 18 
= l5)ngitude - - 20^33' W.O'spokrdist 101 Log- 0.00805 
^ Latitude - - 27 35 Log. 0.05240 

Sum - - - 160 26 

Half Sum - 80 13 Log. 4^83025 

Difference- - 48 22 Lo g. 487356 

App. Ume - - 9 19 Log. 9.16426 
Eqn. of time +24 

M.T.atShip 9 2 23 

The time at Greenwich, obtained by the Chronometer, is used in 
the foregoing Example, for the purpose of finding the correction ot 
the Sun's declination ; in strictness, this time should be reduced to the 
apparent Greenwich time, by applying to it the Equation of tune, 
with a contrary sign to that in the Nautical Almanac. It is ot very 
little consequence, however, whether the mean or the apparent time be 
used in finding the correction of the Sutf s declination ; but when the 
time is to be found from the altitude of a Star, the apparent time at 
Greenwich ought to be used in finding the correction ot the buns 
right ascension. 
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In the foregoing exampTe, and also in those that follow, the nearest 
minutes of the true altitude, and polar distance, are used in finding 
the time, this being sufficiently exact for merely finding the Longitude 
at sea ; but if the time is required for the purpose of finding the error 
of a Chronometer, or, if the relative situations of two or more places 
are to be found by a Chronometer, greater attention to accuracy is 
requisite, this will be illustrated hereafter. 



EXAMPLE IL 



May 24, 1824, nautical time, in Latitude 38^ 46' N. the following 
altituaes of the Sun*s lower limb were observed west of the meridian, 
together with the corresponding times by a Chronometer which was at 
that time fast for mean time at Gi'eenwich Ih. 18m. 56s. ; the index 
error of the instrument employed in observing the altitudes was S' 10* 
subtractive, and the height of the observer's eye 16 feet : required the 
true Longitude of the Ship ? 



Times by Chr. 
Lm. 8. . 
836 43 


Alt O'tLlimb. 

390 43^ 30» 
30 60 
30 10 


, 0*s semidiameter - 15' 49* 
\Yip - - - - 3 53) 15 |« 
's cor. in aJt. 1 23 ^ '® 


37 38 

38 25 


Corr.orobsd.alL- - 10 33 


DiyidebyS • - 16 


4 90 


The apn. astm. time' at Green- 
wich is May 23d, 7h.22m. 14s. 


Means 83735 

Obro. fast, (sab.) - 1 18 56 Index error 


32 31 27 
- 2 10 


0*8dec1n. atnoon 20O87'39* 
Cor. for 7h. 22m. . . 8 27 



M.T. at Greenwich 7 18 39 Observed alt 32 29 17 
M.T. atShip - . 4 12 50 Cor. of obs. alt + 10 33 



0*sCor. decSin. - 20 41 d 



Long, in time - - 3 5 49 0*s True alt 32 40 — 

Longitude- 46027' 15* W. ©*« Polar dist 69 19 Log. 0.02893 

Latitude - • 38 46 Log. 0.10807 



Sum - - - 140 45 
Half Snm - • 70 224 
Difl'erence- - 37 42^ 
h. m* 8. 
Ap. time at Ship 4 16 25 
Equ. of time - — 3 35 



1^. 4 52616 
Log. 478650 

Log. 9.44966 



M.T.atShip 4 12 50 



In this example the equation of time is 3m. 35s. to be subtracted 
from the apparent time, to reduce It to mean time ; the same quantity 
must therefore be added to the mean time to find ^e apparent time. 
Now in this case the mean time at Greenwich is 7h. 1 8m. 89s. to which 
3m.S5s« being added, the sum 7h. 22m. 14s. is the apparent time at 
Greenwich 
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EXAMPLE III. 

Occober 24th, 1824, about 9h. 44m. P. M. nautical time, m Lati- 
tude 88® 44' N. and Longitude by account 85® SC W. ; the observed 
altitude of Allaire west of the meridian, was S9® 5' ; height of the 
eye 18 feet ; and the time shewn by a Chronometer, when the alti- 
tude was observed, was 1 Ih. 49m. dos., the Chronometer being slow 
for mean time at Greenwich Im. Sis. : required the Longitude of 
the Ship ? 

fiftim. astron. time at Ship 33d ... 9 44 San'tltA. atNoon, 93d. . - - 13* 51 46 
Longitude in time/ W. .... +322 Correction for 12h. 6m. .... +156 

Estimated time at Greenwich . - . 12 6 0't R. A. at time of obienration - 13 53 42 

34 

Comn. of 0'tR.A 10 6 1» 

Star's observed altitode . . . 39^ S' 
Dip and correction in alt . . — 6 

Star's tme altitade 38 59 

SUr's polar dist from N. A. . - 81 35 Log. 0.00470 
Latitade 38 44 Log. 0.10787 

Sum - - - - 149 18 

Half Sam. 74 39 Log. 4.42278 

Difference ....... 45 40 Log. 485448 

•'s Horary disi W. of mend. - 3 57 33 Log. 9.38983 

#*s Right ascension .--.1942 15 h. m.& 

Com. of 0'sR.A. •. - - 10 6 18 Time of obsn. byChr. - . - . 11 49^ 3» 

Chr. slow for M.T. at Greenwich - -I- 1 51 

Snm— 24=-App. time at Ship - 9 46 6 

Kquatiou of time — 15 39 Mean time at Greenwich • - . > 11 51 34 

Mean time at Ship . • - > 9 30 27 
Mean time at Greenwich . . 11 51 34 

Longitude in time .... 330 57=350 14' 16»W. 

In this last Example, the estimated time at Greenwich is deduced 
from the supposed apparent time at the Ship, and the Longitude by 
account ; but when tiie Time and Longitude are very uncertain, the 
Greenwich time should be found by means of the Chronometer, as in 
the two former Examples. 

We shall now proceed to give some directions for finding the Error? 
and Rates of Time-keepers. This is a subject that ought to be well 
understood, for unless the Navigator knows now much a Chronometer 
differs from mean time at Greenwich, at any given time, he can place 
no confidence in the Longitude deduced t.herelrom« 
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ON FINDINO 



THE ERRORS AND RATES 



OF 



^^ : • : 



tONOMETBBS 



TsBBX are vmious modes of finding the ernnr and rate of a Chro- 
nomelery such as by oompariDg it with a well-regulated astronomical 
dock, by transits of the Sun, or a fixed Star, over the meridian, or by 
equal arotudes of the Sun. Tliese methods, however, are not in ge- 
aeral ao well adapted to the use of the practical Navigator as the fol- 
lowing, of which we shall give some examples. 

1. By « set of aldt^es of the Sun, taken when that object b at a 
pn^r diitaiice from the meridian. 

S. By a set of altitudes of a fixed Star, taken when the Star is near 
the prime vertical 

S* By the Lunar Distances. 

The first of these fnetbods is the one most used by seamen. In 
high Latitudes, however* when the Latitude of the place, and the de- 
clinaUon of the Sun are of contrary names, the second method will 
be found more correct, because a Star may always be ^hosen at a proper 
height, and at the same time near the prime vertical. The third method 
is only useful at sea, but there it is the only one that can be employed 
with advantage ; it therefore ought to be well understood by every 
person possessed of a time-keeper. 

Altitudes, carefully observed in the usual way, may be employed 
to find the error of a Chronometer, but altitudes, taken by means of 
an artificial horizon, should always be preferred when the observer is 
on shore, or the ship perfectly steady ; mdeed, it is only in this way, 
that altitudes of the Stars can be employed with success m finding the 
rate of a time*keqper« 

£ 



The artificial horizon, generally used, oonnsts of a quantity of 
quicksilver^ put into a shallow trough or vessel, having a glass roof 
to prevent the wind from disturbing the surface of the mercury. 
Another kind consists of a smooth reflecting surface, which is a perfect 
plane, and adjusted horizontally at the time of observation by means 
of screws and a sprit level* If a person be not in possession of either 
of these horizons, a little clean tar, oil, or treacle, put into a bason, 
will answer very well as an artificial horizon ; if the wind is strong, 
the bason should be covered with a piece of fine muslin, or gauze. 
Water makes an excellent artificial horizon, when there is little or 
no wind, or when kept steady in the bason by means of a gauze 
cover. 

To observe the altitude of the Sun in an artificial horizon, let the ob- 
server have the horisson directly betwixt him.aiid the Sun, and place 
himself at such a distance as to see the Sunn's image in the quicksuver, 
or other reflecting surface ; then having the proper coloured glasses 
turned down, on each side of the horizon glass of the Sextant, keep 
the Sun's image in the middle of the field of the telescope, and move 
the index forward until the Sun's image, reflected from the index glass 
of the Sextant, be brought in contact with that first seen in the artifi- 
cial horizon; then, if the one image be made exactiy to cover the 
other, the iSextant (supposing it to have no error) will give twic^the 
apparent altitude of the Sun's centre. But instead of making the one 
image cover the other, it is generally better to bring their limbs in 
contact, then half the angle of the nearest limbs is the apparent alti- 
tude of the Sun's lower limb, or half the angle between the farthest 
limbs is the apparent altitude of the Sun's upper limb. 

The altitude of a fixed Star b observed in the same manner, only 
no coloured glasses are required ; and as the Stars have no sensiblf^ 
diameter, half the angle given by the instrument is the apparent alti- 
tude of the Star. 



FIRST METHOD 

To find the Error and Rate of a Chronometer by MiHieiof the Sun^ 
observed by means of an ArtHtcial Horwm^ 

RULE. 

1. When the Sun is near the prime vertical, or at least 5 paints of 
the compass distant from the meridian, and his altitude at the same 
time not less than 8°, nor greater than 60^ ; take a set of altitndes, 
and note the corresponding times by the Chronometer ; to the mean alti- 
tude, apply the index error of the Sextant, half the sum or dif- 
ference will be the apparent altitude of the Sun^s upper or lower limb, 
according as the farthest or nearest limbs of the Sun's images have 
been broUght into contact. 
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S. With the apparent altitude of the Sun's limb, take the correc- 
tion of the Sun'^s altitude from Table VI ; this correction being sub- 
tracted from the apparent altitude of the observed limb, will leave the 
true altitude of tnat limb, to which apply the Sun^S semidiameter 
(from page III. of the month in the N. A.) by addition or subtraction^ 
according as the hwer or upper limb of the Sun has been observed^ 
the sum or difference will be tne true altitude of the Sun's centre. 

8. With the Sun's true altitude and declination^ together with tln^ 
Latitude of the place of observation, find the apparent time, by Pro- 
blem I. ; to the apparent time appljr the Equation of timty (from 
page II. of the montti in the N. A.) this will give the mean time at the 
place of observation. The difference between this Time and the Mean 
of the Times, given by the Chronometer, will be the error of the Chro- 
nometer for Mean Time at the meridian of the given place, and for tb^ 
tine of obaervatioo* 

4. A few days after the first error has been found, let the error of 
the Chronometer be again found in the same manner ; divide the dif- 
ference of these errors, or their sum, if the one be fast and the other 
slow, by the number of days elapsed^ the quotient will be the daily 
rate^ which will he gaining or losings according as the second observa^ 
tion shews the watch to be gcdning or losmg on mean time. 



After having found the rate, the last found error should be reduced 
to the error for mean time at Greenwichy as follows : 

1. When the place of observation is in east Lon^tude, and the 
error of .the Chronometer fast for mean time at that place, add the 
Longitude in time to the error of the watch, the siim will shew how 
much the watch is fast for mean time at Greenwich ; but when the 
Chronometer is slow for mean time at the place of observation, the dif- 
ference between the Longitude in time, and the error of the watch, 
will be its ^rror for mean time at Greenwich, which will he fast when 
the Longitude in time exceeds the error of the watch, but slow when 
the error of the watch exceeds the Longitude in time. 

S. When the Longitude of the place is wesiy and the Chronometer 
slow for mean time at that place, the sum of its error, and the Longi- 
tude in time, will be its error slow for mean time at Greenwich, but 
when the watch iafast for mean time at the place of observation, the 
difference between the Longitude in time, and the error of the watch, 
Vill be its error far mean time at Greenwich, fast when the error 
of the watch is greater than the longitude in time; but slow when the 
Loi^tude in time exceeds the error of the watch^ - 
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EXAMPLE I. 

1823. At Port Louis Mauritius, in Latitude 20^ 1(y S^ and Longw 
tude 57° 29^ 30* E. December 8, about 8h. 50m. A. M. apparent civil 
time» the following altitudes of the Sun's nearest limbs were observed 
in an artificial horizon, together with the corresponding times hj a 
Chronometer, tlie error of the Sextant was 9f 5Qr additive : requued 
(he error of the Chronometer for mean time at Port Louis ? 

TiiiietbyCfar. . DUealt 0'sl.l. 

h* m* s* 

5 2 6 , 9fP4VW The6fltinitedM(roii«iDaBiltiM«k 

8 61 9134 50 P^rtLonisisD^r^at 20h.60iii. 

6 40 93 28 40 Ldiig.ofPtLQiiifUitime— 3 60 



Divide bj 3 . . 11 36 16 60 Oreennklitime^f tkDeou 17 



■fc 



Means .... 6 3 63 913617 Q's Dee. at moii,7«]l 98034' 4Ha 

Index error . + 3 60 Corr. for 17li. Om. • -|- 4 47 



^»" 



Divide by 2 -) 91 38 7 O'sCorr.Decliiiationdd 89 98 

90 

App. alt of 0*8 lower limb - • 46 49 4 ■ ^ 

CorrectioD from Table VI. - - . — 60 Q's Polar distance • fl7 /W 89 

Traealt of O'slowerlimb • - 46 48 14 
Sim*8 semidiameter - - - • • -f 16 16 

Tme alt of Q*9 centre •• - - 46 4 30 

Sun's polar dbtance 679033 Log. a03488 

Latitode ^90 10 Lof. 00)9748 

Sam . te . . . . • -» • - 133 35 9 

Half Sum 66 47 31 Lot; 469668 

Diffeiv'nce 90 43 1 L^. 4Ji4870 

n. m. s. ' 

App. time at Port Loois - - - 8 60 477 Loc. 9.90664 

Equation of time — 8 10 J 719 

Mean time of observation - - • 8 42 37 .4 Ptots. 66 =: 7s .7 

Time of observation by Cbr. - - 6 3 62 .0 

Chr. siotr for Bl T. at Port Louis 3 38 46*4 

About 9 A. M. on the 14th of December, the same Chronomet^ 
was found shw for mean time at Port Louis 3h. S9nu 27' .2, so that 
the watch lost 41s .8, in 6 days, and 41".8 -?- 6 =6* .97, (or .7^) the 
daily rate losing 

Tofnd the Error for noon at Greenwich on the \Uh of Dec. 

Longitude of Port Louis 670 99' 30^ E. in time 3 49 68 

Error of the Chronometer for mean time at Port Louis at 9 A. M. I4th Dec. - 3 39 97 

■ 

Error of the Chronometer for mean time at Oreenwidi, at time ^ obsn. fut •* 10 31 

Now 9 A. M. at Port Louis answers to 5h. 10m. A. M. at Oreenvnch ; therefore 
the time of observation is 6h. 50m. from noon at Greenwich, and the proportional 
part of the daily rate for 6h. 60m is nNprlj 9s. (to subtract) *- — 9 

Error of the Chronometer, fast for mean noon at Greenwich, 14tii Dec. - - 10 99 

Here the Chronometer being fast for mean time at Greenwich, and 
losing 7s. daily, it is plain that 7s. must be subtracted from lOnu 29s. 
to Imve the error for noon on the 15th Dec; lis. few the IGtb^ and 
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8o on. When the error and raite are of difFerent names, the error win 
chan^ its name when the accumulated rate exceeds the original error. 
For instance, in the above example the eiror will be diminished by 
Ts. diuly, until the 9StA March, 18S4, on that day at noon the error 
]ef the watch is only 6s. fast for mean time at Greenwich, therefore on 
the 128d the ^rror will be Is. slow; on the S4th it will be 8s. slow, 
andsoon^ 

EXAMPLE IL 

June 7, liB24, at New York, in Latitude 40^47 N. and Longitude 
74^ T W. about Sb. 40m. P. M. apparent civil time, the following 
altitudes of the Sun*s upper limb were taken in an artificial horizon, 
and the con^sponding times by a Chronometer, the index error of the 
Sextant being V¥f snbtractive: required the error of the Chrono- 
meter for mean time at New York ? 

Timet by Chr. Dblealt 0'fap.L 

a » 37 fSP4SVW TIm eitiaataa tdrmmMi tnne 

31 43 83 13 40 at N. York is rOi Deo. 3h..40m. 

33 51 81 43 LongitodeintiiiieW. -f 4 66 * 



DmdelvjS. •) 131 87 10 Time at Oreenwich - 8 36 

8 91 437 - ^ . . 83 13 33 O'«^o*«t noon 7JQ]ie 33^47' 16* 
Index error • _ 1 40 Corr. lor 8h. 36m. - + 1 ^9 

. Divide byi • 83 10 43 G 'a Oorr. declination' 33 49 15 

90 



Appawitaltitiide Q'to inter KflOi. 41 533 

OerreetioiifroBTiibleVl. ... — 63 O'^polerdiatance -671045 

Tmb alt 0'« WP^ l>>*b • - « 41 4 33 

ion'a aenldiiQn^r — 15 47 



Tknealtoro'somitre - - - - 40 48 36 

8mi'a polair diatriboe - - . <^ - 67 10 45 Log. 0.03540 

Latitude 40430 Log. 0.13035 

8mn . 148 41 31 

Half Sam *- 74 30 40 Log. 443109 

Difowioa • . . 33 33 4 Log. 4.7^^38 

h.m. a. 
App. time oTobaenr. at NewToik 3 40 3 J> Log. 9.33903 
Eqoatien of time — 138.9 881 

Mean time of oban. at New York 3 38 34.6 Pftrt 31=:38.5 
Timeof obaervationbyChron. • . 3 3143.7 

Chro. alow for BIT. at New York 16 60.9 

On the 17th of June, at 8fa. 50m. the same Time-keeper was found 
alowfcnr mean time, at the same place, 1 7m. S9s. the Chronometer has 
therefore lost 48* .1 in 10 days ; and 48a.l -r- 10 = 4" .81 the daily 
rate losing. 

Tojind the Error at Greenwich for noon on the 17/A June. 

Longitudeof N«w York 7407' W. in time =4 56 S» . 

Chronometer slow for mean time at New York at 5h. 50m. P. M. 17th, add - 17 39 



Chronometer alow for mean time at Oreenwich at time of obaenratioD - • - 5 14 7.0 
Proportion of daily rate for 8h. 36m. - -— 1.7 

Chron^ alow lor meannoon at Greenwich 17th Jinie^ 1834 5 ll 53 
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' Here we may call the error 5h. 14m« 59. and ttbe daily ralie 48.r8» it 
being always sufficient for nautical practice to use the nearest second 
of the errort and nearest tenth of a second of the rate of a Chrono- 
meter. But in the work to find the error on different days, for the 
purpose of ascertaining the rate ; the fractions of seconos of time 
ougnt not to be neglected. 

Altitudes observed on diffisrent days, for the purpose of finding thii 
rate of a Time-keeper, should always be taken on the same ^de of 
noon, and as near tne same time of the dajr as possible* The interval 
between the observations ought not to be less tnan 4 days, nor sreater 
than IS or 14; for when the interval is only I or 2 days, a amafl error 
in either of the observations will materially affect the rate; and if tbet 
interval be too long, any irregularity in the gcniig of the watch is not 
so likely to be detected. 

When the error and reUe of one Chronometer are found, it is very 
easy to ascertain the errors and rates of any number of watches, by 
comparing each at two separate times with the one Inrhose error and 
rate are known. For example, Let the Chronometer, of which tJ^ 
error and rate is found in £x«s{de II. be called No. }> it b i:equii:ed^ 
to find the error and rate of a Chronometer, No. 2. 

* r 
1 , . • - - 1 . 

h. m. a. 

June 7.— Time by Chronometer, No. 1 •••89639 

Timel^Olironometer, No.^ • 239 — 

Na3SlowofNo.l,«t3k96iB.oii7Iiiiie * ^ ^'VHT^ 

h. m. »• 

JmM 17. — Time by Chronometer, No. 1 -•-36433 

Time by Chronometer, No. 3. 3 48 



I II I 1^ mmm^mt*-^ 



Na 2 Slow of No. 1, at Sh. 64m. 17 Jane •• - 46 23 

Here the interval being so nearly 10 days, may be taken as such ; 
and as No. 2 has gained Im. and 6s« on No. 1, during that time, it 
has therefore gained 6> .6 daily on No. I : but the rate of No. 1 is 
4* .8 losing, hence the rate of No. 2 is = & .6— 4" .8 =: 1' .8 gaining. 

As the rate of No. S is small, it will be sufiicient to apply the differ- 
ence of the times shewn by the Chronometers on that day, to the 
Error of No. 1, for noon at Greenwich, on the 17th June. Now 
No. 1 is 5h. 14m. 7s. slow for mean time at Greenwich, when the ob- 
servation is made on the 1 7th June, and No. 2 is 46m. S3s. slow of 
No. I at the same time; therefore No. 2 is 6h. Om. 80s. slow for mean 
time at Greenwich on the 17th June, and its daily rate is !■ .8 gaining. 

Or the errors of No. 2 for mean time at New York, when the ob- 
servations were made on the 7th and 17th June, may be found by 
comparing it with No. 1, and by these errors the rate and error of 
No. 2 may be deduced in the same manner as those of No. 1. Thus, 
on the 7tn June No. 1 is 16m. 51s. slow for mean time at New York, 
and at the same time No. 2 is 47m. 29s. slow of No. 1 ; therefore 
No. S is Ih^ 4m. 20s. slow for mean time at New York on the 7th June^ 
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and on the 17th June No. I is 17m. 598. slow for mean time at New 
York ; and at the same time No. 2 is 46m. SSs. slow of No. 1, there- 
fore No. 2 is slow for mean time at New York Ih. 4m. Ss. on the 17th 
June. Hence the Chronometer, No. 2, has gained 18s. in 10 days, 
which gives the daily rate Is, 8 gaining, as before ; and by adding the 
1 h. 4m. 2s. the error of the watch on the 1 7th, to 4h. 66m. 28s., the Lon- 
gitude of New York in time, the sum 6h. Om. SOs. is the error of No. 2 
K)r noon at Greenwich. 

When the Rates, and Errors of seTeral watches are to be deduced 
from the same observations, they should each be compared with the 
one of which the time is noted, as near to the time of observation 
as possible, that the rates, &c. of the other watches may not be af- 
fected by any irregularity in the gcnng of the one by wmch the time 
is taken. 

1 ... 4 

SECOND METHOD. 

To Hnd the Error and Rate of a Chronometer hy altitudes of a fixed 
Star^ taken by meane of an artificial hm%on. 

RULE. 

1. Choose a Star, of which the declination is of the same name as 
the Latitude of the place of observation, find, in Table IX. the alti- 
tude by which the apparent time may be found with the greatest ac- 
curacy, and let the altitude of the Star be observed when the angle on 
the instrument is as near to twice the altitude found in Table IX. as 
possible ; then take a set of altitudes of the Star, with the correspond- 
ing times, by the Chronometer, in the same manner as in the last 
method. 

2. To the mean double altitude, apply the index error of the Sex- 
tant, which will give twice the apparent altitude ; from the apparent 
altitude subtract the correction of the Star in altitude, Table VI. the 
remainder, will be the true ahitude of the Star. 

3. Take the Sun^s right ascension from the Nautical Almanac, for 
the noon of the ^ven astronomical day» and reduce it to the time of 
observation, by Table X. ; also let the right ascension and declina^ 
tion of the Star be accurately reduced to the time of observation.* 

4. With the Star's true altitude and declination, together with the 
Latitude of the place of observauon, find the apparent time of obser- 
vation, by Problem II. ; to the apparent time, apply the equation of 
time, which will give the mean time of observation ; the difference be- 
tween this, and the mean of the times of observation by the Chrono- 
meter, will be its error for mean time, and by finding tiie error at some 
subsequent time, the rate is deduced as before. 

* If one of the 94 stars, of which the right ascensions and declinations are given in the Naa« 
tical Almanac for every tentli day of the year» can be used, it should always be preferred. 
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EXAMPLE. 

Suppose that on the 6th of January , 18*24, about 71i. 59m. P. M. 
oivil time, in Latitude 56° 34' N, and Longitude 2° 35' \V. the fol- 
lowing altitudes of CaUor were obser\'ed east of the meridian, in an 
artificial horizon, with the corresponding times by a Chronometer, the 
index en*or of the Sextant was + 4^ : required the error of the 
Chronometer for mean time at the time of observatioii»? 

Tunes by Cbr. Dble alU. of * 

8 r 15 80O4'00' Eit tuneatpUeeoTobtii. 7*69 

8 68 80 S7 10 Long, in time, W. - -f 10 

.10 46 81 II 40 

■ EsttiiiieatOfeeBwicli -8 9 

DifidebyS . - -) 96 69 113 30 h. bu i. 

0*flRA.atiKKNi6JaB.19 6 OjS 

MeaM ...«.$ 869T 803737 Cwr. for 8h. 9b. . .4-1393 

■ Index eiTor - + 40 __^— 

0'>Gonr.R.A. • -19 7 »S 

DividebyS) 80 38 7 34 

Ster*fln|ptMtal»itBde - « » • 40 19 4 Conp. oT 0'» R« A. • 4 69 80 J 
Correction from Table VI. ...— 17 



Ster*! trae nltitnde . - • • « 40 17 67 

8ter*flpol«rdiiteBoe 67 44 8 Le«. 0.07384 

Latitode ^.--66840 Log. 0.36687 



Sam 164 36 5 

HairSam 77 18 8 Log.434309 

Difference 37 6 Log. 4.77948 

Slar*fldii«anceW.orMeridkm - - 19 40 33.4 Log. 946S38 
Comp.of O'sR A. - - • 4-4 63 30 1 
Star s right ascension . • • • + 7" 33 34J^ 

Siim~S4=:Ap|».timeorob«. . 7 68 18.0 
Equation of time ••.... 4-6 34 

Mean time of obsenration • f - 8 4 31 .4 
MeaaoftiflMabyGbrooomater • 8 8 69 J. 

Chronometer fast for mean time • 4 38 3 

On the 1 3th of the same month, at 7h. 40m. P.M. dvil Ume, the 
^rror of the Chronometer was again found by C^stttr^ and was then 
5m. 21s. fast for mean time. Hence the gain in 6 days SSb. 4Sm. is 
42*. 7; but the interval bdn^ so near 7 days, may be so esteemed, 
and 42* .7 -r 7 = 6s .1 the dady rate, gaining. 

Tojind the Error for mean time at Greenwich on the IZth Jan. 

h* m. s. 

Longitiideoftheplareof observation 30 S.VW. in time 10 20 

Chron. fast for mean time at the place of obsn. at 7h. 40m. P.M. 13th • 5 21 

Chronometer slow for mean time at Greenwich, at time of observation - 4 69 
Proportion of daily rate for time past noon at Greenwich, vb. 7h. 60m. .4- 3 

Chronometerslowformean noon at Greenwich, 13th Jan. IS34. ... 6 I 

The right ascension and polar distance of Castor were taken from 
page 155 of the Nautical Almanac, for 1824. If the time found by 
obsenration differs more than S or 4 minutes from the estimated time. 
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the operation of finding tlie proportional part of the Sun's right ascen- 
sion ought to be repeated, using the time found by observation instead 
of the estimated time ; this proportional part l)eing added to tlic Sun's 
JL A. at noon, will give the correct right ascension at the time of ob- 
servation; then with the Sun's riglit ascension thus corrected, the 
Star's meridian distance, and right ascension, deduce the apparent 
time as before. 

Equal altitudes of a fixed Star, observed at an interval of a few 
days, may be employed to find the rate of a Chronometer. This is a 
very easy method of finding the rate of a watch, and may be used 
with advantage in any part of the habitable globe, when the stars can 
be seen ; but in higli Latitudes, when the Sun's declination is of a dif- 
ferent name, from the Latitude, this is the best method for merely 
finding the rate that can be employed by a person who is, only, provided 
with a Sextant .and an artificial horizon. 

RULE 1. Choose a Star, of which the altitude is greater than 10% 
and less than 60°, when it is at or near the prime vertical ; and when 
the Star is in this position, on any evening, observe its altitude, and 
note the corresponding time by the Chronometer. 

ft. In an interval of from S to 14 days, again observe the same 
Star, when its altitude is equal to that first observed, and note the 
time by the Chronometer. 

. 3. Take' the time from Table A. page 39, for the number of 
days between the observations ; subtract this time from the time shewn 
by the Chronometer, when the first altitude was observed, the re- 
mainder will be the time that the Chronometer would shew when the 
second altitude is observed, if it were to keep mean time exactly. 
Now it is plain, that if the time shewn by the Chronometer at the in- 
stant, the second observation is made, t>e greater than the remainder, 
the watch is gaining; but if the time by the watch of the second ob- 
servation be hss than the remainder , the watch is losing ; the dif- 
ference, in either case, being divided by the number of days in the in- 
terval, will shew the daily rate. 

EXAMPLE. 

December I, 1824, m Latitude drSO' N, the altitude of Alde- 
baran, observed in an artificial horizon, was 4l°5'20'', and the 
time shewn by a Chronometer at tlie instant the altitude was observed 
was 6h. 56m. 44s.; on the 10th of December, when Aldebaran had 
the same altitude, the time by the Chronometer was 6h.^lm.3s.: 
reauired the rate of the Chronometer ? 

h. m. 8. 

Time on Ist Dec. when the Star's altitude was 410 5' 2(F 6 56 44.0 

Time from Table A. for interval of 9 days — 35 2:5 .2 

Remainder, or time the Chr. onght to shew 10th Dec. when Star's altitude 

is 4lo 6' 30'M 6 21 20 8 

Time shewn by Chr. oa the 10th Dec. when the Star's alt was 4P 5' 20" 6 21 3.0 

Loss of th« Cbronoraeter in 9 days, (divide by 9) ^------ 17. 8 

Daily rate of the Chronometer^ fosini; -..-..-•,.- 1.98 

F 
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THIED METHOD. 

To find the Errors and Rate of a Chronometer by meaiti of the Lunm- 

Distances. 

ft 

RULE. 

1. When there is a good opportunity for observing tb^ distance 
between the Sun and Moon, or between the Moon and a Star, observe 
several sets of Distances with the Altitudes of the objects, and note 
the times by the Chronometer when the observations are made^ 

^. Deduce the apparent distance and apparent altitudes of each 
set, and from these fina, by Problems III. and 1 V. the apparent time 
at Greenwich answerinj^ to each set of distances ; to each of these tifnes 
apply the Equation of time, which will give the mean time at Greeti-* 
wich for each set of distances ; the difference between the mean time 
at Greenwich, as found by any particular set, and the time shewn by 
the Chronometer when that set is observed, will shew the Error of 
the watch, for mean time at Greenwich ; find the Error for each set, 
and take their mean as the Error for mean time at Greenwich, fot the 
hour, nearest to the mean of the times of observation. 

3. At an interval, of at least 8 or 10 days, again find the Errdi* o^ 
the Chronometer ; then having the Errors at two given times, find the 
Rate, as in the foregoing methods ; and also the Error for the noon at 
Greenwich, nearest to the last found Error. 

EXAMPLE. 

At se^ in Loi^tude 18^ 15' W. by account, ih the v€at 1834, 
February 0th, about :^h. lOm. P. M. nautiod time, the following dia* 
tance between the Sun and Moon, with the altitudes of these objects, 
were observed, and the corresponding times shewn by a Chronometer 
noted, the height of the eye being 14 feet: required the Error of Uie 
Chronometer for mean time at Greenwich at the time of observation* 



SaiM - - . 

Means - - - 
Index errors - 
Semidiameters 
Dip of hot, - 



Appdisi&alts 



Times by 
Chron. 



344 2 

45 11 

46 11 



24 



345 8 



Dist of 
and ^ 's near- 
eiit Kmbs. 



Alts, of 0*8 
lower limb. 



960 28' 20» 

28 50 

29 20 



26 30 



96 28 60 
-h 2 30 
+ 32 6 



- . 97 8 26 



590 48' 
84 
18 



O*' 







100 



69 33 20 



+ 16 14 

— 3 34 

59 46 



Alts of D's 
npp. limb« 



Es time atGreenwich 3 23 



2302' 01 
15 
26 



43 



23 14 20 


- 15 52 

— 3 34 

22 54 54 



Est astron. time at h. m. 
Ship Feb. 8th, at 2 10 
LottgHitinieW. . + 1 13 



1) 's Semid. at noon, 

8th Feb. - - 16'43' 
Gorr. f6t3h;28m. -f- 2 



's Horiz. semid. 15 45 
J's Aogmentation 7 

fun's semidiameter 16 14 



Sum of semidin. • 32 6 
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Moop's bor. par. at noon (K>67'41« 
Corr. for 3h. 2?iii. - . + 8 

Moon'a corr. hm. par. - 57 49 Log. 0.0333 Loo: 0.0883 

Soo'»app. alt - • * 50 46 — Log. 0.5235 y» app. alt SS^SS^ Log. 0.8096 

App.diat 97 3 36 Log. S. 0.9967 # Lojk.T.L9Q77 

First correctioii - . + 4 9 40 Log. 1 5534 

Second correction - 4*457 13 Log. 2.8105 

Third correctioii - - + ^ 41 

Sam— 10O=:Tnie di«t - 96 13 

Dist in N. A. at 3I». ■ 96 8 3 Fintdiff. 0^ 4'57'' P. Log. 1.5607 

DigL inN. A. at 61l * 97 41 21 i^teoond 0^ 1 83 18 F. L<«. 0.3854 

h. m. I. — 

(Add. 3h.) App. time at Greenwich ... - 8 9 33 P. Log. 1.3758 

BqaMiofrlyf time -KU32 

Mean time at Greenwich 3345 

¥%ne of observation by Chr^nomater ^ • > > 3 45 8 

Chronometer fast for M. T. at Greenwich > - ^ 21 S 

By 4 other sets taken on the same afternoon, the results were as 
follows : (Let the set, already worked, be called No. 1 ) Errors of the 

Ghr.ferM.T.at 
h. m. s. Greenwich. 

Time by Chr.* when set No. 2, was observed ---35058-.- m.s. 

Mean tune at Greenwich by l<fo. 2 3 30 12 - . . Diff. 20 46 

Time by Chr. when set No. 3, was observed ..-35548-.. 

Mean time at Greenwich by No. 3 33440--. Diff. 21 8 

TimebyChr. wh«iisttM[ou.d» wasobserted -.*35d56*.. 

Mean time at Greenwich by No. 4 3 38 51 - . . Diff. 21 5 

Time by Chr. when set No. 6, was obsenped ...4 10 68«-- 

Mew tm at Greenwifsh 1^ No. 5 3 40 51 . . . Diff 20 19 

EiTor by Na 1, at Giteenwieh, mean time, 5h. 24m. - . - - 21 3 

,,- 1- 

Som of errors (divide by 5) 104 14 

OhroooneterySu^ for mean Hme at Greeawieh at 4h. Feb. 8th - • • - 20 51 

On the 22d of February, at 23h., Greenwich time, the same Chro- 
nometer was found, by 6 sets of distances between the Sun and Moon^ 
to be 2Sm. 53s. fast for mean time at Greenwich. Here the interval 
is' 14d. 19h« and the gain, during that time, is ^m. 2s.=:12^s., and 
i^lk ^^ ^9 = 8s.25, the daily gain of the Chronometer is therefore 
Sis.; and its Error for mean time at Greenwich, at noon, on the 
23d February, is 22m. 53s. fast. 

It is not necessary that all the observations, for finding the Errors 
at the beginning or end of the interval, should be made on the same 
dav, nor that the Moon^s distances should be all taken from the same 
object. When the observations, at the beginning or end of the inter- 
val, are made on different days, set down all the times at Greenwich 
with their respective errors opposite to them, find the sum of the iimes^ 
and also that of the errors ; these sums being divided by the number 
of times, or errors, will give the required epoch and the corresponding 
error of the Chronometer. For example, Let the times at Green- 
wich, and corresponding errors of a Chronometer for mean time at 
that place, be as follows : 
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Errors of Chronomefi^r slow for mean time 
IS34. Mean time at Greenwich at Greenwich. 

No* . d. h. m. h. m. a. 

1 March -" - .5 4 30 2 6 28 By D and 6 

2. ditto - - 6 5 . 2 7 11 D and 

a ditto -.6 930^ •-2663 ) andjnpiter. 

4. ditto - • r 4 - - - 2 7 18 5 and 

6. ditto -.7 10 2620 ]) andPollox. 

Sums,- (divide l)y 6) S 9 34 10 

Means 6 11 24 - "« 6 60 

Here the mean of the times at Greenwich is March 69 at 11 h. S4cn* 
and the mean error, or that which answers to the mean Greenwich 
time, is Sh. 6m. 50s. ; and by again finding the error of the watcli fi>r 
some subsequent time, the rate may be deduced as before. 

The same degree of accuracy is not to be expected in this method 
of settling the rate of a time-keeper, as may lie obtained by altitudes 
of the Sun or Stars taken on shore; it is, however, as has been before 
observed, the only method that can be employed at sea, and the Na- 
vigator, who carefully practises it, will seldom find 5 miles of error in 
tlie Lon^tude, as given by a tolerablv good Chronometer, during 
h passage of any length, for in this case we do not depend upon the 
exact going of the Chronometer, for a long period, but merely from one 
set of Lunar Observations to another. 



Ori'the Management of Chronometers. 

Unless particular care be taken of Chronometers^ it is not to be 
expected that such delicate pieces of mechanism can continue to go 
with regularity, it may therefore be of service to those who have not 
had much experience in the use of Time-keepers to attend to the fol- 
lowing Remarks : 

1. A Chronometer should be wound up at regular intervals, it be-^ 
ing very improper to let one, that is generally wound up between 8 
and 9 o'clock m the morning, run till noon. Great care should be 
taken to avoid circular motion, therefore when winding up a Chro- 
nometer, it must be kept steady, and tlie key only turned. 

2. Chronometers should be placed so as to be as little exposed as 
possible to sudden shocks, from the sea striking the Ship, or from the 
shutting of doors, &c. : they ought not to be exposed to a current of 
air ; and nothing magnetic should be allowed to remain near them. 

3. It is very improper to make a practice of taking a Chronometer 
on deck, when observing altitudes, merely to find the Longitude; for, 
licsides the risk of accidents, it is hardly possible to carry about a 
Chronometer without giving it too much circular motion. Any sud- 
den change of temperature ought also to be avoided : it is therefore 
proper to take the times of observing the altitudes by a common watch, 
and find the diflerence between it and the Chronometer, immediately 
before or after the observation : ihen this difference being applied to 
the mean of the times of observation by the watch, will show the time 
by the Chionometer answering to the mean altitude. 

4. If a Chronometer be allowed to run down, it will not commence 
going again, after being wound up, until it gets one or two pretty 



quick quarter turns in a horizontal direction, its face being upwards. 
After being set going, a Chronometer will sometimes keep the same 
rate it had before it was let down ; this, however, is uncertain, and no 
dependanoe can be placed on it, until a fresh rate and error be 
obtained. 

5. When a Chronometer is carried to or from the Ship, it should 
be fastened by means of the studs and screws, to prevent it from tra- 
versing on its gimbles. Great care should be taken by a person carry- 
ing a Chronometer, that it gets no sudden jerks, or quick circular 
motion. If the rate of a Chronometer can be properly ascertained, 
when it is on board, it ought not to be taken oti shore for that purpose. 




balance of a Chranometer. Thii it a anlQect that deaenrea fiuther attentioii from all intelUgeat 
■avigatori. 

Table A contains the acceleration of the fixed Stars, in mean time 
from I day to 60. If the acceleration be wanted for any time exceed- 
ing 60 days, it may be found bv adding together the accelerations 
answering to the days in the Table that make up the given time. 

For example, let the acceleration for 118 days be required, here 
60 + 52 =: lis. 

h. m. a. 
Acceleration for 60 days --•--•36554^ 
Acceleration ftNr62Lda|a . , - - - - 9f 34 VA ,v . 



Acceleration for 113 days 



7 30 317 



This Table is given fur the method of finding the Rate of a Chro* 
nometer, by equal altitudes of a fixed Star, observed on difierent 
days, it will also answer for the method by transits of the fixed Stars* 

TABLE A, Acceleration of the Fixed Stars, m Mean Time. 



Sidereal 




Sidereal 




Sidereal 




Sidereal 




Days. 


Acceleration. 


Days. 


Acceleration. 


Days. 


Acceleration. 


Days. 


Acceleration. 




h. m. s. . 




h. n. 8. 




h. m. s. 




h. nu a. 


1 


3 55.9 


16 


1 3 54.5 


«1 


3 1 53.1 


46 


3 51 .8 


3 


7 51.8 


17 


1 6 50.4 


33 


3 5 49.1 


47 


3 4 477 


3 


11 477 


18 


1 10 46.3 


33 


3 9 45.0 


48 


3 8 43.6 


4 


15 43.6 


19 


I 14 43.3 


34 


3 13 40.9 


49 


3 12 39.5 


6 


19 39.5 


30 


1 18 38.3 


35 


3 17 36.8 


50 


3 16 35.4 


6 


33 35.4 
37 31.4 


31 


1 32 34.1 


36 


3 31 33.7 


51 


3 20 31 .3 


7 


S3 


1 36 30 


37 


3 35 38.6 


53 


3 '24 37 .3 


8 


31 27.3 


33 


1 30 35.9 


38 


3 39 34.5 


53 


3 28 23.1 


9 


35 33.3 


34 


1 34 31 .8 


39 


3 33 30.4 


54 


3 33 19.0 


10 


39 19.1 


35 


1 38 17.7 


40 


3 37 16.3 


55 


3 36 14.9 


11 


43 15.0 


36 


1 43 13.6 


41 


3 41 13 .3 


56 


3 40 10.8 


13 


47 10 9 


37 


.1 46 9.5 


43 


3 45 8.1 


57 


3 44 6.8 


13 


51 6.8 


38 


1 60 5.4 


43 


3 49 4.0 


58 


3 48 37 


14 


55 3.7 


39 


1 54 1.3 


44 


3 53 0.0 


59 


3 51 58.6 


15 


58 58.6 


30 


1 57 57.3 


45 


3 56 55.9 


60 


3 55 54.5 
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THE TABLES. 



TABLE I. 
To Reduce Longitude itUo TimCy or Tbno inio Longitude. 

The use. of this Table will be easily understood by attending to the 
foUowing Kxamplef : 

I. 

What Time answers to L oogitude 77^ 4? 80* ? 

h* in. 8* 
770 (y Oft -- 5 8 

^ = 3 48 

30 = 3 



Time re^piired --..•* .6 10 60 

II. 

Required the Longitude answenng to 7h. 28m. 28s. ? 

h. m* §, 

7 90 r= llOO 0* 0- 

3 38 =; as 



LoQgitode leqoieed 110 53 



This Table being chiefly intended to turn Lon^tude into time, and 
the contrary, is only extended to 180*^, and to 12h. it is however easy 
to find the time answering to an arch greater than 180^, or the corre- 
sponding arch for a given time exceeding 12h, For Example^ 



'41 

L^ it be rec{iiired to turn the Mooned right asdmdoil 960^ ftV W 
into time ? 

MoonVright ascension . . 269° 21' W 
Subtract 180 



Kemamder 89 31 44and890 

21' 
44f 



Moon's rigtit ascension in time 



h. 


m. 


s. 


; 12 








5 


66 





• 
■ 


1 


24 
8 


17 


67 


27 



In a similar manner may the arch be found, for any time, between 
t2 and S4 hours. 

TABLE II. 
Dip of the Horizon. 

This Table contains the Dip, or Depression of the visible Horizon 
of the Sea, when the sight is unobstructed. The dip is always to be 
subtracted from altitudes observed by the fore observation ; but if the 
back observtition be used, the dip must be added to the observed 
altitude 

TABLE IIL 
Dip ofikt Horizon^ at c^fferenl Diiiances^ from the Obseroer, 

If the Image of the Sun, or any other celestial obiect, be brought 
in odntact wiui the surface of the water, at any pomt nearer: to the 
Observer than the most distant visible horizon, it is plain that the Dip 
win be greater than that given in Table II ; therefmre in situations 
near the Land, when the Sun or other object is over it, the Dip is to 
be taken from this TaUe. Thus, if the height of the eye of an ob- 
server be 20 feet, and his distance from the Land i snle, the Dip is 
It miitutes. 

The distance from the Land can generally be ei^mated with suffi- 
cient accuracy, particularly if the distance exceeds a mile, and the 
height of the eye not greater than 20 feet : If the height be more than 
SO feet, and distance less than a mile, it is necessary to be very exact 
in both the arg«iraeiiti 

TABLE IV. 
Moan^t Augmentaiton^ 

The Moon's tepp&tent semidiameter, as ^ven in the Nauttcad Al- 
manac, is adapted to her distance from the centre of the Karth. But 
when the Moon is in the zenith of any place, she is nearer to an ob- 
server, in that place, than she is to the £drth's centre by about 4000 
Englidi miles, (the diameter of the Earth being nearly 8000 miles,) 
now the MoonV mean distance ttota the Earth's centre being about 
240,000 miles, it is evident that the Moon's diameter Willi appear 
under an angle ^th part greater to a person who is nearer to her by 
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4000 miles, for 24(^000 ^ 4000 = 60; and as the Moon's semidiame- 
ter, when at her mean distance from the Earth, is about 15' 42*, the 
greatest augmentation of the Moon's semidiameter will in this case be 
1 5' 42*', that is, one 60th of 15' 42*. When the Moon is nearer to the 
Earth than her mean distance, the greatest augmentation of semi- 
diameter exceeds 15* 4^", and the contrary is the case, when the Moon's 
distance is greater than her mean distance from the Earth. 

When the Moon is in the horizon of any place, her distance from 
that place is so nearly the same as the clistance from the Earth's 
centra, that the augmentation is insensible. Supposing the Moon's dis- 
tance from the earth to remain the same, as her altitude increases she 
approaches an observer, and therefore, at any altitude between 0° and 
90°, the augmentation will he between 0*, and the Moon's greatest 
augmentation of semidiameter, 

TABLE V. 

Contr(tction of Semidiameter of (he Sun or Moon, 

As the effect of refraction is ^eater on the lower limb of the Sun, ' 
or Moon, than on the upper limb, the apparent vertical diameter is 
always less than the apparent horizontal diameter, in a quantity equal 
to the difference of the refractions on the upper and lower limbs. 
Thus, if the observed altitude of the Sun's lower limb be 3° 0', when 
his diameter, by the Nautical Almanac, is S2, the observed altitude 
of the upper limb will not be 3** SZ, but only 8*^80' 80*, because 
the refraction on an object, when it is apparently 3^ above the horizon, 
is 14' 86*; but when the apparent altitude of an obiect is 3^80^, the 
refraction is only 13' 6*, in this case, therefore, the horizontal diame* 
ter of the Sun would be greater than the vertical diameter by V 80*, 
or the contraction of the vertical semidiameter would be 45*. 

When the distance between the Sun and Moon is observed, if the 
altitude of either object be less than 12^, and the altitude of the other 
above 20^, the correction from this Table ought to be subtracted from 
the semidiameter of the lower object, before it is applied to the ob- 
served distance. 

When the altitudes of the ol>jects are nearly the same, when the 
distance is observed, no correction is necessary. When the objects 
are both in the same azimuth circle, or in opposite azimuth circles, 
a line from the centre of either object, to that part of the limb from 
which the distance is taken, will make an angle of 90^ with the hori- 
zon, therefore, the whole effect of the difference of refraction on the 
centre of the object, and the observed limb, must be applied to the 
semidiameter. When the objects are in any other position, the angle 
with the horizon may be estimated with sufficient exactness, by taking . 
notice of the inclination of the plane of the Sextant with the horizon^ 
at the time the distance is observed. 

The inclination which a plane, passing through die two objects, has 
to the horizon, is found at the top; and the apparent altitude, in the 
left band side column under the former, and opposite to the latter, is 
the contraction of semidiameter. . 
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EXAMPLE. 



The Moon*8 aemidiameter being 1& 4' by the Nautical Almanac^ 
when her apparent altitude is 6^ 40^, and the inclination to the horizon 
of the plane passing through the Sun and Moon 78° : required the 
semidiameter to be applied to the observed distance ? 

Moon's horisontal lemidiaineter 16' 4' 

Moon's augmentation of semid. by-TnUe IV. . . 4. 3 
Contractioa of the Moon's semiduuneter - . . — . 16 



SemkL le be applied to the obserred distance • 16 61 

TABLE VL 
Corrections of the Apparent Altitudes of the Sun and Stars. 

The Sun^s correction in this Table is the mean refraction in altitude, 
lessened by the effect of the parcdlax of the Sun, on the same altitude* 
The Star's correction is the mean refraction in aUitude. 

Noto— T%e correction of &e Son's altitude should be taken oat ftr the apoaient altitode of 
the observed Unb, and not for the apparent altitude of the Son's centre. jBy this means the 
error in altitode, arising from the contraction of the Son's Tertical semidiameter^ will be 
avoided. 

TABLE VII 
To Correct the Mean Refraction. 

The corrections in Table VI. are calculated for that state of the 
Atmosphere, in which the height of the Barometer is 29* 6 inches, 
and the height of Farenhdt'^s Thermometer 50° ; but a variation in 
either the weight or temperature of the Air, causes a difference in the 
quantity of the refraction, it is therefore necessary when the altitude 
of an object is low, and great accuracy required, to apply the cor- 
rections from this table, to the correction found in Table VI. for any 
variatioB, in the height of the Barometer, from 29. 6 inches, and in 
the height of the Thormometer, from 50 degrees. 

» , 

EXAMPLE. 

The apparent altitude of the Sun being 6° when the Barometer 
stands at 29. 75 inches, and the Thermometer at 76° : required the 
pvoper correction of the San in altitude. 

Correction for Son's apparent ahitade 6^ from Table VI. • • 8' IS^ 
Opposite app. alt 6^, and onder height of Ther. 76^, is • - — 31 
Oppoaite app. alt 0^, and over height of Bar. 29. 75 is- ---f- 3 

Corre4stion reqaired .----•---.. •----7 49' 

Q 
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TABLE VIII. 



Correction of the MoorCs Semidmmeter^ or Boritontal Parallax 
lor any given iimey between Noon and Miehnghtf or of the Sun''s Ue- 
clination for a given time^ from the preceding noon. 

This is a Table of proportional parts. The corrections to be ap- 
plied to the Moon's semidiameter and horizontal parallax, as given m 
the Nautical Almanac at Noon or Midnight, so as to reduce them to 
any other Greenwich time, may be accurately found by this Table. 
If the Sun's Declination be required to the nearest second, the correc- 
tion may be found by Table X. 

TABLE IX. 

Altitudes by which the Apparent Time may be found with the greatat 

accuracy. 

When an object is observed in the prime vertical, the apparent time, 
deduced from its altitude, is likely to be more correct than when the 
object is in any other position, because, when a body bears due east 
or westj its change of altitude is Quickest, and any probable error, 
either in the Latitude of the place of observation or in the Declination 
of the observed object, will cause very little error in the time : and 
the best situation of an object that does not come to the prime vertical 
is when its motion coincides with an azimuth circle. This Table 
will shew the altitude of an object when in either of these positions. 

For example. The Latitude of place being 51^80' N., and the 
Declination of the Sun or a Star SP N. ; the best time to observe the 
altitude, for ascertaining the apparent time, is when the altitude is 
about 27° ; or if the Latitude of a place be 14** S., and the Declina- 
tion of an object S4° S., the most favorable altitude for finding the 
time is 87°. 

This table is only useful when the Latitude of the place of obser- 
vation, and the Declination of the object, are of the same name. 
When these are of different names, the best time to observe the alti- 
tude is when its height is from 5° to 15°, according to circumstances. 

TABLE X. 

Logarithms fir finding the Correction of the. Sun^s Decimation, 

Sfc.Sfc 

This table is chiefly intended to find the proportional part of the 
daily variation of the i^uu\ Declination, or Bight Ascension, for any 
given time at Greenwich ; the numbers at the top or bottom of the 
table may be esteemed as Uours^ Degrets^ or Minutes^ and those in 
the side columns as Minutes or SecomSj according ai the numbers at 
the top are estimated. 
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PROBLEM I. 

Tojmd (he Propotihnd Part of the Daily Variation ofihe Sun's De- 
eliaation or Hight Ascension^ Jbr any given time at Crreenwich, 

RULE. 

Add together the Logarithms of the 'Greenwich Time^ and the 
Daily Vanadon, the Sum will be the Logarithm of the Proportional 
Part required. 

EXAMPLE I. 

Suppose the variadon of the Sun*s declination in S4h. is Id' 911' % 
required the Proportional Part for 15h. 49m« ? 

h* in* 

Greenwich time 16 49 Log. O.lSll 

Variation in 34 homn 19^ ST Log. 0.0876 

PkoportionBl part required 13 56 Log. 09687 

EXAMPLE 11. 

Let the change of the Sun^s right ascension be Sm. 55s. in 24 
hours, what would be the proportional part for Uh. 18m« ? 

Time at Oreenwich - - ... 11 13 0.0 Log. 0.3908 
Variatioaof 0'tR.A.in34hoon. 3 65.0 Log. 0J873 

Proportional part required - • • 1 49.8 Log. 1.1176 

« 

This table will also be very useful in finding the proportional part 
of tiie variation of the* Moon's Declination or^ Right Ascension, in 
12 hours.. 

PROBLEM 11. 

To find the proportional part of the Mooh*s variation in Declination^ or 
Might Ascension^ during 12 hour s^ for any groen time at Greenwich. 

RULE. 

To the Logarithm of twice the variation, in 12 hours, add the Lo- 
garithm of the time at Greenwich, reckoned from the preceding noon, 
or midnight, the Sum will be the Logarithm of the proportional part 
required. 

EXAMPLE I. 

Required the proportional part of the chanse in the Moon^s Decli- 
nation for 5h. SSm. when the variation in 12 hours is 2^ 87' ? 

in 13 boon 3^37' X 3= - - - 60 14' Log. 0.6614' 



"■nBUiioiin^a?' X :»= . - - o^ i4' uog, ujKil4 
Time pait noon, or Ifidnight ^-...633. Log. 0.6869' ^ 







Proportional part required • • . • - • P 13^.6 Log. 1.8973 
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EXAMPLE II. 

When the variation of the Moon^s right ascension^ in 12 hourSf is 
6^ i2l : required the proportional part for 7h. 43ni« 

Thne pait Noon or Midnielit - - 7 43 Loc. 0.4938 
VariatioDixi 12 hoon ^^VSg x 9 := 19^ 46^ Log. 0^9741 

Ph>portioiia] part for 71i. 43m. . • 4 6^ Log. 07669 

As the motion of the Moon is seldom uniform during 12 hours, it 
is necessary, when great accuracy is reauired, to apply the equation 
of second difference to the declination, &c« as founa by even propor- 
tion ; this is explained in the Nautical Almanac. However, for most 
nautical purposes, such as finding the Latitude of the Ship by the me- 
ridian altitude of the Moon, or the Moon's altitude by computation, 
it is generally sufficient to find the Moon^s declination, or right ascen-* 
sion, by even proportion. 

TABLE XI 

Logarithms of the Latitude and Polar Distance. 

This table contains the Lo^rithmic Secants of the Latitude, and 
the Co Secants of the Polar Distance, 10 being rejected from the in- 
dex. The degrees of Latitude are. always found at the top, and the 
minutes in the left-hand column, and also tliose of the Polar Distance, 
when it exceeds 90^. When the Polar Distance is less than 90o, the 
degrees are always found at the bottom, and the minutes in the right- 
hand column. 

^ Note. — ^In this, and In all the other Tables, ^ere the quantities at the top an4 bottom ar# 
differenty the nmnbera for tiie minates, &c. in the left-hand colamn beVrng to the qoaatitietf td 
the top, and those in the right-hand colanui to the dein^ef, &c. at the bottom. 

TABLE XIL 
Logarithms of the Half Sttm^ and Diffcreme^ 

This table contains the Logarithmic Co-Sines of the Half Sums, 
and the Log. Sines of the Differences, the index of each being dimi- 
nished by 5. The Degrees of the Half Sum are always ibund at the 
top, and those of the Difference at the bottom. 

TABLE XIIL 
LogarUlims of the Apparent Time or Horary jingle. 

The Lc^airithmB in this table are twice the Logarithmic Sines of 
half their respective Horary Angles, less 10 in the index. When the 
time is inferred from the altitude of the Sun, the apparent astronomic 
cal time is found in this Table, the hours at the top being used when 
the Sun is observed west of the Meridian, and tnose at the bottom 
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when the observation hsA been made easi of tlie Meridian* The Lo- 
garithms are given for everv tenth second of time, as far as 9 hours 
trom the Meridian, and by the proportional parts in each page the odd 
seconds may be very readily found by inspection. 



EXAMPLES. 

I. What is the apparent time answering to the Ixigarithm 9M88lf 
thd Sun having been observed west of the Meridian. 

Given Logarithm * 9.46SSI 

Logarithm of ... ^ .... . ^ Sink Of. zr 940)40 



^u 



T\us difference gires neareit ... 8-*-- 41 Dift 

Appafent timt required •.---4 31 8 

II. The Sun having been observed east of the Meridian, required the 
apparent time when uie Logarithm is 9.32846 ? 



Oiven LogaridHA 9.33346 

Logarithmof dOh. 31m. 40s. =: 9.32373 

Thia diiertnce girea nearest .*. 4-*-36 Difl 

Apparent time required -.-*-30 31 44 

When the Sun is observed west of the meridian, the given Loga- 
rithm will be greater than the Logarithm in the table, answering tx) 
the next less tenth second of time ; but when the observation is made 
east of the meridian, the contrary is the case. 

The Horary Angle of a Star is to be taken out in the same manner, 
in every respect, as the apparent time when the Son is observed, that 
is, the horartf distance of the Star, west of the meridian, is to be under- 
stood as the Horary Angle of the Star, therefore when a Star is ob* 
served west of the meridian, its meridian distance will be less than IS 
hours ; but if the observation is made when the Star is east of the me- 
ridian, the horary angle, or distance of the Star reckoned westward 
from the meridian, is greater than 12 hours, for it is the complement to 
24 hours of the Star'^s horary dbtance east of the meridian. 

If very great accuracy be required in the apparent time, the pro- 
portional parts will show the tenths of a secona in the apparent time. 
Thus, in the first Example, the difference between the given Loga* 
rithm, and the one in the table for the next less tenth second, is 4>1^ 
but the parts for 8" are only d9, therefore there is 2 of a remainder ; 
place a cypher to the right of this remainder, which will make it SO ; 
then above this will be found 4"i which are to be esteemed 4 tenths of 
a second : hence the apparent dme answering to the Logarithm 9*46381 
is 4h. Sim. 8* A 
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TABLE XIV. 

Logarithms of the MoovCs Horizontal Parallax. 

TABLE XV 
Logarithms of the Apparent Altitudes* 

These tables re<}uire no explanation with respect to the manner of 
usine them ; but it may be observed, that the Logarithms in Table 
XI V. are the Proportional, Logarithms of the Moon^s Horizpntal Pa- 
rallaxy each being lessened by 4600. and a Logarithm of any Appa- 
rent Altitude is the Log. Co-Secant of that arch, lessened by 9,5400. 
This was done witli the view of having the Logarithms of the Moon^s 
horizontal parallax at each opening of the book, in Table XV., but 
it was found inconvenient in printing. 

TABLE XVI. 
Logarithms of the Apparent Distance. 

The Logarithms in this table are titled Log. S. and Log. T., the 
first being the log, sine and the other the log. tangent of any given 
Apparent Distance, 9 being rejected from the index. When the Ap- 
parent Distance is less than 90^, the degrees of distance will be found 
at the top ; when the distance exceeds 90^, the degrees of distance are 
found at the bottom. In this Table, as far. as 5S^ of distance, the 
minutes in both the marginal columns are the same, and therefore 
either may be used; above 53^, the minutes in the left hand column 
belong to the degrees at the top^ and those in the right-hand cohimn 
to the. bottom degrees. For example, when the apparent distance is 
85«26', the Log, S. is 0.76S2, and the Log. T. 0.8522; or for ap- 
parent distance J 12^^18'; the Log. S is 0.9662, and the Log. T. 

TABLE XVII. 
Logarithms of the First and Second Corrections. 

The degrees and minutes of the frst correction are always to be 
taken from the top, and the seconds from the left*hand column ; also 
when the apparent distance exceeds 90% the second correction is to be 
taken out in the same manner ; but when the distance is less than 90^, 
the degrees and minutes of the second correction must be taken from 
the bottom, and the seconds from the right-hand marginal column. 

EXAMPLE. 

I. The first correction answering to the Logarithms 1.5765 is 
4^ 12' 16*. 

IL When the Logarithm of the first correction is 1.3462, the first 
correction will be 3^ 88' 23^ 



\ 
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III. When the apparent distance exceeds 90^, the second correc- 
tion, answering to the Logarithm 2.1031, is 4^ 45' 48^ 

IV. The apparent distance being less than 90^, and Logarithm of 
the second correction 1.7S20, the second correction will be 5^ 33' 99!!. 

Both the first and second corrections are always to be added to the 
apoarent distance. 

TABLE XVIII. 

Third Correction. 

This correction (like the. first and second) is always to be added to 
the apparent distance ; the distance nearest to the given apparent dis- 
tance is to be found in the Table ; then look for the altitude at the top 
or bottom, which is nearest the given apparent altitude of the Sun or 
Star, and in a side column for the 'altitude, which it nearest to the 
^ven apparent altitude of the Moon ; under the former^ and opposite 
to the latter, will be found the third correction. Thus, when the ap- 
parent distance is 52^, the Star's apparent altitude 38% and that of 
the Moon S0°, the third correction is T 36"; or when the apparent 
distance is 79° Sff W, the apparent altitude of the Star 26° 80', and 
that of the Moon 41° 16', the third correction is 1' 48''. 

When the given distance and altitudes differ conaderably from those 
in the Table, it will be proper to make a corresponding allowance on 
the third correction. 

For example. Let the given apparent distance be 61° S4',the Starts 
altitude 36'', and the Moon's 22° ; at apparent distance 60°, under 
36°, and opposite 28° is 1' 29% but at apparent distance 64<>, the ^ven 
altitudes give r33% therefore the third correction, for the ^ven appa- 
rent distance and altitudes, will be 1' 30". The differences in the cor- 
rections given in the Table, being in general very small, the third 
correction may be almost always found at sight for any given distances 
and altitudes. 

The small Tables, which are titled Table P. contain the effect of 
the Sun's parallax for the respective distances under which they are 
placed, when the distance between the Sun and Moon is observed ; the 
effect of the Sun's parallax is to be taken from this table, and applied 
to the third correction before it be added to the apparent Distance. 

The seconds found above the line. In the column are to be added 
to the third correction, and those found below that mark are to be 
subtracted from the third correction. For example, at Apparent Dis* 
lance 62°, when the Sun's altitude is 60° and the Moon^s 10°, the 
effect of the Sun^s parallax on the distance is 3% and this being found 
above the line — it is to be added to the thiq^ correction, found in 
Table XVIII.; hence the third correction will be 4'7*' for the dis- 
tance between the Sun and Moon, or 3" ^eater than it would be if 
the distance were between the Moon and a fixed Star. Again, at the 
same distance, if the Sun's altitude be 10° and that of the Moon 60°, 
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the effect of Suo'ii pvaUax on the cUstanoe is 8% to be subtracted from 
the third correction, because it is found below the line, therefor* 
the third correction would be 3' 59^, or 8* less than if the distance 
were between the Moon and a Star. 

The effect of the Sun*s parallax on the distance can never exceed 9^ 
Wh^ii the distance is less than 84*, the effect of the Sun's parallax 
may be either additive or subtractive : but when the distance is greater 
than 84^, the effect of the Sun's parallax is always subtractive from 
the apparent distance, or what b the same thing ; the third correction 
is always to be diminished, by the effect of the Sun's pamllax, before 
that correction be added to the apparent distance. 

• TABLE XIX. 

Prop&rikmai LogarHhms. 

The prindpal use of this Table is to find the apparent time at 
Greenwich, corresponding to a ^ven true distance between the Moon 
i^nd the Sun, or a Star ; this is exemplified in Problem 1 V. page 8. 
The mode of taking out the Proportional Logarithm for anjr given 
arch or time, or of finding the time, &c. for any given Logarithm is 
obvious. Thus the Logarithm for l"" Iff 38% or for Ih. 16m. SSs. 
is the same, viz. 0^709, and the time answering to the Logarithm 
1.3416 is Ob. 8m. 13s. ; or the arch in degrees, &c. is 0"" 8' ir. 

The imdex of a Proportional Logarithm, above Oh. 18m. or 0^ 18^ 
is always 0. 
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1.4102 


1.0940 


9128 


7854 


6871 


6069 


6393 


4808 


4292 


3831 


3415 


3034 


56 




57 


1.4025 


1.0902 


9104 


7836 


6856 


6057 


6382 


4798 


4284 


3824 


3408 


3028 


57 




58 


1.3939 


1.0865 


9079 


7818 


6841 


6045 


5372 


4789 


4276 


3817 


3401 


3022 


58 




59 


1.3876 


1.0828 


9055 


7800 


6827 


6033 


5361 


4780 


4268 


3809 


3395 


8016 


59 
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2 


3 


4 


5 


6 
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9 


10 
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Logarithms of the LATtTVDB and Polah Distance. 










I.ATIT001I, OK POLAR DISTANCE. 






o op 


o o 


o 


|0 (J 


to OfO 


lo u 


jO 


p 




M. 


or 90 


1 . 91 


2 . 92 


8 . 98[4 . 945 • 95 


6 . 967 , 978 , 98|9 . 99| 







0.00000 


00007 


00026 


00060 


00106 


OOlGOl 0033!i| 00325 


1 00425 


0053b 


60 




1 


00000 


00007 


00027 


00060 


0010r7 


00167 


00240| 003261 00426| 00540 


50 






s 


00000 


00007 


00027 


00061 


0j108 


00168 


00241 


00328 


00428 


00542 


58 






s 


00000 


00007 


00028 


00062 


00108 


00160 


00243 


00330 


00430 


00544 


57 






4 


00000| 00008 


00028 


00062 


00109 


00170 


00244 


00331 


00432 


00546 


56 




6 


O.OOOOtt 00008 


00029 


00063 


00110 


00171 


00245 


00333 


00434 


00548 


66 






6 




00008 


00029 


00064 


00111 


00172 


00247 


00384 


00485 


00550 


64 






7 




00008 


00030 


00064 


00112 


00173 


00248 


00336 


00437 


00552 


58 




t 


8 




00008 


00030 


00065 


00113 


00176 


00249 


00337 


00439 


00554 


62 






' 9 


00000 


00009 


00031 


0006^ 


00114 


00176 


00251 


00339 


00441 


00556 


51 




10 


0.00000 


oodoo 


00031 


00066 


00115 


00177 


00252 


00341 


00443 


00558 


60 


^ 


11 


00000 


oooog 


00032 


00067 


00116 


00178 


00253 


00842 


00444 


00560 


49 






12 


00000 


00010 


00032 


00068 


00117 


00170 


00255 


00844 


00446 


00562 


48 






IS 


00000 


00010 


00038 


00068 


00118 


00180 


00256 


00345 


00448 


00564 


47 






14 


00000 


00010 


00033 


00069 


00119 


00181 


00258 


00347 


00450 


00566 


46 




Ifi 


0.00000 


00010 


00083 


00070 


00120 


00188 


00259 


00849 


00452 


00568 


46 




lA 


00000 


00011 


00084 


00071 


00121 


00184 


00260 


00850 


00454 


00571 


44 






IT 


00001 


00011 


00034 


00071 


00121 


00185 


00262 


00852 


00455 


00578 


48 






18 


00001 


00011 


00035 


00072 


00122 


09186 


00263 


00858 


00457 


00575 


42 






19 


0000] 


00011 


00086 


00073 


00123 


00187 


00264 


00855 


00459 


00677 


41 




20 


0.00001 


00012 


00036 


00074 


00124 


00188 


0<»66 


00857 


00461 


00679 


40 




21 


00001 


00012 


00037 


00074 


00125 


00190 


00267 


00858 


00468 


00581 


89 






22 


00001 


00012 


00037 


00075 


00126 


00191 


00269 


00660 


00465 


00588 


88 






23 


00001 


00013 


00088 


00076 


00127 


00192 


wmo 


00662 


00467 


00585 


87 






24 


00001 


00013 


00038 


00077 


0012$ 


00193 


00272 


00863 


00468 


00587 


36 




25 


0.00001 


00013 


00089 


00077 


00129 


00194 


00271 


00865 


00470 


00589 


35 




26 


00001 


00014 


00089 


0007$ 


00130 


00190 


00274 


00867 


00472 


00591 


84 






27 


00001 


00014 


00040 


00079 


00131 


00197 


00276 


00368 


00474 


00593 


83 






28 


00001 


00014 


06040 


00080 


00182 


00198 


00277 


00370 


00476 


00596 


32 






29 


00002 


00015 


00041 
00041 


00080 


00133 


00199 


00279 


00371 


00478 


00598 


31 




30 


0.00002 


00015 


00081 


00134 


00200 


00280 


0037$ 


00480 


00600 


80 




31 


00002 


00015 


00042 


00082 


00135 


00202 


00282 


0037$ 


00482 


00602 


29 






82 


00002 


00016 


00042 


00083 


00136 


00203 


00283 


00376 


00488 


00604 


28 






33 


00002 


00016 


00048 


00083 


00137 


00204 


00284 


00378 


00485 


00606 


27 






34 


00002 


00016 


00044 
00044 


00084 


00138 


0Q205 


00286 


00380> 


00487 


00608 


26 
25 




35 


0.00002 


00017 


00085 


0013^ 


00207 


00287 


00382 


00489 


00610 




36 


00002 


00017 


00045 


00086 


00140 


00208 


00289 


00388 


00491 


00612 


24 






87 


00003 


00017 


00045 


00087 


06141 


00209 


00290 


00385 


00498 


00616 


23 






38 


00003 


00018 


00046 


00087 


00112 


00210 


00292 


00387 


00495 


00617 


22 






89 


00003 


00018 


00046 


00088 


00143 


00212 


00293 


00388 


00497 


00619 


21 




40 


0.00003 


00018 


00047 


00089 


00144 


00213 


00295 


00390 


00499 


00621 


20 




41 


00003 


00019 


00048 


00090 


00145 


00214 


00296 


00392 


00501 


00623 


19 






42 


00003 


00019 


00048 


00091 


00146 


00215 


00298 


00398 


00508 


00625 


18 






43 


00003 


00019 


00049 


00091 


00147 


00217 


00299 


00395 


00505 


00628 


17 






44 


00004 


00020 


00049 


00092 


00148 


00218 


00301 


00397 


00506 


00630 


10 
15 




45 


0.00004 


00020 


00050 


00098 


00149 


00210 


00302 


00399 


00508 


00632 




46 


00004 


00021 


00051 


00094 


00150 


00220 


00304 


00400 


00510 


00684 


14 






47 


00004 


00C21 


00051 


00095 


00152 


00222 


00305 


00402 


00512 


00636 


13 






48 


00004 


00021 


00052 


00096 


00153 


00223 


00307 


00404 


00514 


00638 


12 






49 


00004 


00022 


00052 


00096 


00154 


00224 


00308 


00405 


00516 


00641 


11 




50 


0.00005 


00022 


00053 


00097 


00155 


00225 


00310 


00407 


00518 


00643 


10 




51 


00005 


00023 


00054 


00098 


00156 


00227 


00311 


00409 


00520 


00646 


9 






62 


00005 


00023 


00054 


00099 


00157 


00228 


00313 


00411 


00522 


00647 


8 






53 


00005 


00023 


00055 


00100 


00158 


00229 


00314 


00412 


00524 


00649 


7 






54 


00005 


00024 


00066 


00101 


00159 


00231 


00316 


00414 


00526 
00528 


00652 


6 




55 


0.00006 


00024 


0005(i 


00102 


00160 


00232 


00317 


00416 


00654 


5 




56 


OOOOG 


00025 


00057 


00102 


00161 


00233 


00319 


00418 


00580 


00656 


4 






57 


00006 


00025 


00058 


00103 


00162 


00235 


00320 


00419 


00532 


00658 


3 






58 


00006 


00026 


00058 


00104 


00163 


00236 


00322 


00421 


00534 


00660 


2 






59 


00006 


00026 


00059 


00105 


00164 


00237 


00^3 


00423 


0053C 


00663 


1 






60 


00000 


00026 


00060 


00106 


00165 


00230 00325 


00425 


00536 


00665 







1 


Sb^ 


88<^ 


87^ 


86° 


85^ 


84° 83° 1 82^ 


810 


800 


M. 
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TABLE XI. 
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LooAEiTRMS of the Latitude aiid Polar Distance. 
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LATITUDE, OR POLAR OlilTANCE. 






O O 

































M. 


lOorlOO 


11.101 


12.102 


13.103 


14.104 


15.105 


16.106 


17.107 


18.108 


19.109 









0.00665 


00805 


00960 


01128 


01310 


01506 


01716 


01940 


02179 


02433 


60 






1 


00667 


0080b 


00962 


01131 


01813 


01509 


01719 


01944 


02183 


02437 


69 






2 


00669 


00810 


00965 


01133 


01316 


01512 


01723 


01948 


02188 


02442 


68 






% 


00672 


00813 


00968 


01136 


01319 


01516 


01727 


01962 


02192 


02446 


67 






4 


00674 


00815 
~008ih 


00970 


01139 


01322 


01519 


01730 


01966 


02196 


02460 


56 
65 




5 


0.00676 


00973 


01142 


01325 


01523 


01734 


01960 


02200 


02456 






6 


00678 


00820 


00976 


01145 


01329 


01526 


01788 


01964 


02204 


02469 


64 






7 


00681 


008231 


00978 


01148 


01382 


01629 


01741 


01968 


02208 


02464 


68 






8 


00683 


00825 


00981 


01161 


01335 


01633 


01746 


01971 


02212 


02468 


62 






9 


00685 


00828 


00984 


01154 


01338 


01586 
01540 


01748 


01976 


02216 


02472 


61 




10 


0.00687 


00830 


00987 


01157 


01341 


01752 


01979 


02221 


02477 


60 






11 


00690 


00833 


00989 


01160 


01844 


01643 


01756 


01988 


02226 


Q2481 


49 






12 


00692 


00635 


00992 


01163 


01848 


01647 


01760 


01987 


02229 


02486 


48 






18 


00694 


00838 


00995 


01166 


01861 


01560 


01768 


01991 


02288 


02490 


47 






14 


00696 


00840 


00998 


01169 


01354 


01553 


01767 


01996 


02287 


02494 


46 




16 


0.00699 


00843 


01000 


01172 


01357 


01657 


01771 


01999 


02241 


02499 


46 






16 


00701 


00845 


01008 


01175 


01360 


01560 


01774 


02008 


02246 


08608 


44 






17 


00708 


00848 


01006 


01178 


01864 


01664 


01778 


02007 


02260 


02606 


48 






18 


00706 


00860 


01009 


01181 


01367 


01667 


01782 


02011 


02264 


02612 


42 






19 


00708 


00863 


01011 


01184 


01370 


01571 


01785 


02014 


02268 


02616 


41 




20 


0.00710 


00865 


01014 


01187 


01873 


01674 


01789 


02018 


02262 


02621 


40 






21 


00712 


00868 


01017 


01190 


01877 


01678 


01798 


02022 


02266 


02626 


89 






82 


00716 


00860 


01020 


01193 


01880 


01681 


01796 


02026 


02271 


02680 


88 






2S 


00717 


00863 


01022 


01196 


01883 


01585 


01800 


02080 


02276 


02684 


87 






24 


00719 


00865 


01025 


01199 


01386 


01588 


01804 


02084 


02279 


02689 


86 




26 


D. 00722 


00868 


01028 


01202 


01390 


01591 


01808 


02088 


02283 


02648 


86 






26 


00724 


00870 


01031 


01205 


01898 


01695 


01811 


02042 


02287 


02647 


84 






27 


00726 


00873 


01033 


01208 


01896 


01598 


01815 


02046 


02292 


02662 


88 






28 


P0729 


00876 


01036 


01211 


01899 


01602 


01810 


02060 


02296 


02666 


82 






29 


00781 


00878 


01039 


01214 


01403 


01605 


01823 


02064 


02800 


02661 


81 




30 


0. 00733 


00881 


01042 


01217 


01406 


01609 


01826 


02068 


02804 


02666 


89 






31 


00736 


00883 


01045 


01220 


01409 


01612 


01830 


02062 


02809 


02670 


29 






32 


00738 


00886 


01047 


01223 


01412 


01616 


01884 


02066 


02813 


02674 


88 






83 


00740 


00888 


01050 


01226 


01416 


01619 


01838 


02070 


02817 


02579 


27 






84 


00743 


00891 


01053 


01229 


01419 


01623 


01841 


02074 


02321 


02688 


20 




85 


». 00745 


00894 


01056 


01232 


01422 


01627 


01845 


02078 


02326 


02688 


25 






86 


00748 


00896 


01069 


01235 


01426 


01630 


01849 


02082 


02830 


02592 


24 






87 


00750 


00899 


01062 


01288 


01429 


01684 


01853 


02086 


02334 


02697 


28 






88 


00752 


00901 


01064 


01241 


01432 


01687 


01856 


02090 


02338 


02601 


22 






89 


00755 


00904 


01067 


01244 


01435 


01641 
01644 


01860 


02094 


02343 


02606 


21 




40 


0. 00757 


00907 


01070 


01247 


01439 


01864 


02098 


02347 


02610 


20 






41 


00750 


00900 


01073 


01250 


01442 


01648 


01868 


02102 


02351 


02615 


19 






42 


00762 


00912 


01076 


01254 


01445 


01651 


01871 


02106 


02355 


02619 


18 






43 


00764 


00914 


01079 


01257 


01449 


01655 


01875 


02110 


02360 


02624 


17 






44 


00767 


00917 


01081 


01260 
01263 


01452 


01658 


01879 


02114 


02364 


02628 


16 
15 




45 


00769 


U0920 


01084 


01455 


01662 


61883 


0211b 


02368 


02633 






46 


00771 


00922 


01087 


01266 


01459 


01666 


01887 


02122 


02372 


02637 


14 






47 


00774 


00925 


01090 


01269 


01462 


01669 


01890 


02126 


02377 


02642 


18 






48 


00776 


00928 


01093 


01272 


01465 


01678 


01894 


02130 


02381 


02647 


12 






49 


00779 


00930 


01096 


01275 


01469 


01676 


01896 


02184 


02385 


02651 


11 




60 


0.00781 


0U933 


01099 


01278 


01472 


01680 


01902 


02189 


02390 


02656 


10 






61 


00783 


00G36 


01102 


01281 


01475 


01683 


0190C 


02143 


02394 


02660 


9 






62 


00786 


00938 


01101 


01285 


01479 


01687 


01910 


02147 


02398 


02665 


8 






68 


00788 


00941 


01107 


01288 


01482 


01691 


01913 


02151 


(2403 


02669 


7 






54 


007U1 


00944 


OHIO 


01291 


01485 


01694 


01917 


02156 


02407 


02674 


6 




55 


0.00793 


00946 


1 

01118 


01294 


01489 


01698 


01921 


02159 


02411 


02678 


6 






66 


00796 


00949 


01116 


01297 


01492 


01701 


01025 


02163 


02416 


02683 


4 






57 


00798 


00952 


01119 


01300 


01495 


01705 


01929 


02167 


02420 


02688 


8 






68 


00800 


00954 


01122 


01303 


01499 


01709 


01933 


02171 


C2424 


02692 


2 ^ 






69 


00808 


00957 


01125 


01806 


01502 


01712 


01937 


02175 


02429 


02697 


1 




* 


60 


00805 


00960 


01128 


01810 


01506 


01716 

740 


01940 


02179 


02433 02701| 









790 


780 


770 


76° 


750 


730 


72° 1 71" 1 70° 


M. 
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TABLE XL 
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Logarithms of the Latitude and Polar DisTAKeE. 


1 






LATITUDE, OR POLAR OHTAMCB. 






O O 


O O 


o o 

















.0 







M. 


40orl30 


41.181 


42.132 


43.138 


44.134 


45.135 


46.136 


47.137 


48.188 


40.189 
18306 









0.11575 


12222 


12893 


18587 


14307 


15051 


15823 


16622 


17449 


60 




1 


11585 


12233 


12904 


18599 


14319 


15064 


15836 


16036 


17463 


18820 


50 






S . 


11596 


12244 


12915 


13611 


14331 


16077 


16849 


16649 


17477 


18885 


68 






t 


11606 


12255 


12927 


18628 


14343 


15089 


15862 


16662 


17491 


18349 


67 






4 


11617 


12266 


12938 


18634 


14355 


15102 


15876 


16676 


17505 
17519 


18864 


66 




6 


0.11628 


12277 


12950 


13646 


14368 


15115 


15888 


16689 


18878 


65 




6 


11638 


12288 


12961 


13658 


14380 


16127 


15901 


16703 


17533 


18393 


54 






7 


11649 


12299 


12972 


13670 


14392 


15140 


15915 


16717 


17647 


18408 


68 






8 


11660 


12310 


12984 


13682 


14404 


15153 


16928 


1673« 


17661 


18422 


62 









11670 


12321 


12095 


18694 


14417 


15165 


16941 


16744 


17676 


18487 


61 




10 


0.11681 


12332 


13007 


13705 


14429 


15178 


15954 


16768 


17590 


18451 


60 




11 


11692 


12343 


13018 


13717 


14441 


15191 


16967 


16771 


17604 


18406 


49 






12 


11702 


12354 


13030 


13729 


14453 


15204 


15980 


16785 


17618 


18481 


48 






13 


11713 


12365 


13041 


13741 


14466 


15216 


16994 


16798 


17682 


18495 


47 






14 


11724 


12376 


13053 


13753 


14478 


15229 


16007 


16812 


17646 


18610 


46 




15 


0.11734 


12887 


13064 


13765 


14490 


152142 


16020 


16826 


17660 


18525 


46 




16 


11746 


12399 


13076 


13777 


14503 


15255 


16033 


16839 


17674 


18539 


44 






17 


11756 


12410 


13087 


13789 


14515 


15267 


10046 


16853 


17689 


18664 


48 






18 


11766 


12421 


13098 


13800 


14627 


15280 


16060 


16867 


177Q3 


18669 


42 




• 


19 


11777 


12432 


13110 


13812 


14540 


15298 


16073 


16880 


17717 


18688 


41 




20 


0.11788 


12443 


13121 


13824 


14552 


15306 


16086 


16894 


17731 


18698 


40 




21 


11799 


12454 


13133 


13836 


14564 


15318 


16099 


16908 


17746 


18618 


89 






22 


11809 


12465 


13145 


13848 


14577 


15331 


16113 


16922 


17760 


18628 


88 






23 


11820 


12476 


18156 


138G0 


14589 


15344 


16126 


16935 


17774 


18642 


87 






24 


11831 


12487 


13168 


13872 


14601 


15357 
15370 


16139 


16949 


17788 


18657 


86 
86 




25 


0.11842 


12499 


13179 


13884 


14614 


16152 


16968 


17802 


18672 




26 


11852 


12510 


13191 


13896 


14626 


15382 


16166 


16977 


17816 


18686 


84 






27 


11863 


12521 


13202 


13908 


14639 


15395 


16170 


16990 


17881 


18701 


88 






' 28 


11874 


12532 


13214 


13920 


14651 


16408 


16192 


17004 


17845 


18716 


82 






29 


11885 


12543 


13225 


13932 


14663 


15421 


16205 


17018 


17869 


18781 


81 




30 


0.11895 


12554 


13237 


13944 


14676 


16434 


16219 


17032 


17874 


18746 


30 




81 


11906 


12566 


13248 


13956 


14688 


15447 


16232 


17045 


17888 


18760 


29 






82 


11917 


12577 


13260 


13968 


14701 


15460 


16245 


17059 


17902 


18775 


28 






33 


119^8 


12588 


13272 


13980 


14713 


15472 


16259 


17078 


17916 


18790 


27 






34 
35 


11939 


12599 


13283 


13992 


14726 


16485 


16272 


17087 


17931 


18805 


26 




0.11949 


12610 


13295 


14004 


14738 


15498 


16285 


17101 


17946 


18820 


26 




86 


11960 


12622 


13306 


14016 


14750 


15511 


16299 


17116 


17950 


18884 


24 






87 


11971 


12633 


13318 


14028 


14763 


16524 


16312 


17128 


17974 


18849 


23 






' 88 


11982 


12644 


13330 


14040 


14775 


15587 


16326 


17142 


17988 


18864 


22 






89 

'. 40 


11993 


12655 


13341 


14052 


14788 


16660 


16889 


17166 


18002 


18879 


21 




0.12004 


12666 


13858 


14064 


14800 


16568 


16352 


17170 


18017 


18894 


20 




{ 41 


12015 


12678 


18365 


14076 


14813 


16576 


16866 


17184 


18031 


18909 


19 






: 42 


12025 


12689 


18876 


14088 


14825 


16589 


16379 


17198 


18046 


18924 


18 






43 


12036 


12700 


18388 


14100 


14838 


15602 


16392 


17212 


18000 


18939 


17 






44 


12047 


12712 


13400 


14112 


14850 


16616 


16406 


17225 


18074 


18964 


16 




45 


0.12058 


12723 


13411 


14124 


14863 


15627 


16419 


17239 


18089 


18968 


15 




46 


12069 


12734 


13423 


14136 


14875 


15640 


16133 


17253 


18108 


18988 


14 






47 


12080 


12746 


13435 


14149 


14888 


15653 


16446 


17267 


18118 


18998 


13 






48 


12091 


12757 


13446 


14161 


14900 


15666 


16460 


17281 


18132 


19013 


12 






49 


12102 


12768 


13458 


14173 


14913 


15679 


16473 


17295 


18140 


19028 


11 




50 


0.12113 


12779 


13470 


14185 


14926 


15692 


16487 


17309 


18101 


19043 


10 




51 


12123 


12791 


13482 


14197 


14938 


15705 


16500 


17323 


18175 


19068 


9 






52 


12134 


12802 


13493 


14209 


14951 


15718 


16514 


17337 


18190 


19073 


8 






53 


12145 


12813 


1350.1 


11221 


14963 


15731 


16527 


17S51 


18204 


19088 


7 






54 


12156 


12825 


13517 


14234 
14246 


14976 


15745 
16758 


10541 
16554 


17365 


18219 


19103 


6 




55 


0.12167 


12836 


13528 


14988 


17371> 


18233 


19118 


6 




50 


12178 


12847 


13540 


14258 


15001 


15771 


16568 


17393 


lb248 


19133 


4 






67 


12189 


1285t> 


13552 


14270 


16014 


15784 


16581 


17407 


18262 


19148 


8 






58 


12200 


12870 


13564 


14282 


15026 


16797 


16595 


17421 


18277 


19163 


2 






59 


12211 


12881 


13575 


14294 


15039 


16810 


16608 


17435 


18291 


19178 


1 






60 


12222 


12893 


13687 


14307 


15051 


15823 


16622 


17449 


18306 
410 


19193 









HP 


48° 


470 


46° 


450 


440 


430 


4.20 


40© 


M. 
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mm 
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TABLE XI. 






LooARiTRMt of the'LATiTiroDV tndi Polar DtSTAKoe. 












1 
vAwumUt 






o 


o 


o 


o 


" o ■ 


O 


o 


o 


o 


o 




M. 


60 
0.30108 


61 


62 


63 


64 


66 


66 


67 


68 


69 









81448 


82889 


34295 


85816 


37406 


890i^ 


40812 


42642 


44567 


60 




1 


80186 


81466 


82868 


84820 


86842 


87482 


89097 


40842 


42674 


44600 


69 






S 


80147 


81488 


82887 


84846 


85868 


87466 


89186 


40872 


42706 


44688 


68 






8 


80160 


81611 


82910 


84870 


85894 


87487 


89164 


40902 


42786 


44666 


67 






4 


80191 


81584 


82984 


84396 


86920 
86946 


87614 


89182 


40981 


42768 


44699 


66 




6 


0.80213 


81667 


82958 


84420 


87641 


89211 


40961 


42790 


44782 


66 




6 


80286 


81680 


82082 


84444 


86072 


87668 


80219 


40991 


42881 


44766 


64 






r 


80257 


31603 


88006 


84469 


86996 


87696 


89268 


41021 


42862 


44798 


68 






8 


80279 


81626 


83030 


34494 


86024 


87628 


89296 


41051 


42893 


44881 


62 




I 





80801 


81649 


83054 


84619 


86050 


87650 


89325 


41081 


42925 


44864 


61 




10 


0.30323 


81672 


88078 


84644 


86076 


87677 


89354 


41111 


42956 


44898 


io 


' 


11 


80846 


31695 


88101 


84669 


86102 


87704 


89382 


41141 


42988 


44931 


49 






12 


30867 


31718 


88125 


84594 


86128 


87782 


89411 


41171 


48020 


44964 


48 






18 


80889 


81740 


88149 


84619 


86154 


87769 


89489 


41201 


48061 


44997 


47 






14 


80411 


81768 


83173 


84644 


86180 


87786 


89468 
89497 


41281 


48088 


46031 


46 




16 


0.80483 


81787 


88197 


84669 


86206 


87814 


41261 


43114 


45064 


46 




16 


80455 


81810 


83221 


84694 


86238 


87841 


89526 


41291 


43146 


46097 


44 






ir 


80477 


31838 


88246 


84719 


86259 


87869 


89654 


41322 


43178 


4513^ 


48 






16 


80409 


81856 


83269 


84745 


86286 


87896 


89588 


41852 


43210 


4M64 


42 






19 


30621 


31879 
31902 


83294 


84770 


86811 


87924 


89612 


41382 


43241 


46198 


41 




SO 


0.30544 


83318 


84795 


86838 


87951 


89641 


41412 


43278 


4523^ 


40 




SI 


80666 


31925 


88842 


84820 


86864 


87979 


89669 


41448 


48805 


45669 


80 






22 


30688 


81948 


83866 


84845 


86890 


88006 


89698 


41478 


48837 


46298 


•B 






28 


30610 


31971 


33390 


34870 


86417 


88034 


39727 


41608 


48860 


46832 


87 






24 


80632 


31994 


33414 


34896 


36443 


88061 


89756 


41588 


48401 


46865 


86 




26 


0.80665 


82018 


88488 


34921 


36469 


88069 


89786 


41664 


43432 


45899 


U 




26 


80677 


82041 


33463 


84946 


86496 


88117 


39814 


41694 


48464 


4643$ 


84 






27 


80699 


82064 


83487 


84971 


86622 


88144 


89843 


41625 


48496 


46466 


88 






28 


80721 


82087 


33611 


84997 


86649 


88172 


89872 


41655 


48528 


46600 


82 






29 


80744 


82110 


88635 


86022 


86575 
866U2 


88800 


89901 


41^86 


48660 


46684 


81 




to 


0.80766 


82184 


88569 


86047 


88227 


89930 


41716 


48692 


46667 


80 




81 


80788 


82157 


88584 


86078 


86628 


38255 


89959 


41747 


48626 


46601 


20 






82 


80811 


82180 


38606 


85098 


36656 


88283 


89988 


41T77 


48667 


46685 


28 






88 


30833 


32204 


33632 


35123 


86681 


88811 


40017 


41808 


48689 


46669 


27 






84 


30856 


32227 


33657 


85149 


86708 


38338 


40046 


41838 


48721 


46703 


26 




86 


0.30878 


32250 


83681 


85174 


86784 


88366 


40076 


41869 


43753 


46787 


26 




86 


30900 


32274 


83705 


85200 


86761 


88894 


40105 


41899 


48786 


46T71 


24 






87 


30923 


32297 


83730 


85225 


36787 


88422 


40134 


41930 


48818 


46806 


88 






88 


30945 


32320 


33754 


86251 


86814 


88450 


40168 


41061 


48850 


46839 


22 






89 


30968 


32344 


83779 


35276 
35802 


36841 


88478 


40192 
40222 


41992 


48882 


46878 


21 




40 


0.3D990 


32367 


83803 


86867 


3t^506 


42022 


48915 


46907 


20 




41 


31013 


82301 


83827 


3^327 


36894 


38534 


40251 


42053 


48047 


46041 


10 






42 


81035 


32414 


88852 


85858 


36921 


38562 


40280 


42084 


48979 


46076 


16 






48 


31058 


32138 


33876 


35378 


86948 


38690 


40310 


42116 


44012 


46000 


17 






44 


31080 


82461 


33901 


85404 


36974 


88618 


40839 


42145 


44044 


46048 


16 




45 


0.31103 


32465 


83925 


85429 


37001 


88646 


40868 


42176 


44077 


46076 


16 




46 


81125 


82508 


88950 


85455 


37028 


88674 


40898 


42207 


44109 


46112 


14 






47 


81148 


32532 


38975 


85481 


87055 


88702 


40427 


42238 


44142 


46146 


IS 






48 


81171 


82555 


83999 


86606 


87082 


88730 


40457 


42269 


44174 


46181 


12 






49 


81193 


32579 


84024 


85632 
86568 


87108 
87135 


38768 
88786 


40486 
40516 


42800 


44207 


46216 


11 




60 


0.31216 


32602 


34048 


42331 


44239 


46249 


10 




61 


81238 


32626 


34073 


86683 


37162 


88814 


40646 


4^62 


44272 


46284 


9 






62 


81261 


32650 


34098 


85600 


37189 


88842 


40676 


42398 


44805 


46318 


8 






63 


81284 


32673 


84122 


85636 


87216 


88871 


40604 


42424 


44387 


46358 


7 






64 


31306 


82697 


34147 


85661 


37243 


38899 


40634 


42455 


44370 


46387 


6 




65 


0.81829 


32720 


84172 


85687 


37270 


38927 


40664 


42486 


44403 


46422 


6 




66 


81852 


32744 


84196 


85712 


87297 


88965 


40698 


42518 


44486 


46150 


4 






67 


31376 


82768 


84221 


85738 


87324 


88984 


40728 


42549 


44468 


46491 


S 






68 


31397 


82792 


34246 


85764 


87351 


89012 


40758 


42580 


44501 


4652£ 


2 






69 


81420 


32815 


34271 


35790 


37378 


89040 


40782 


42611 


44584 


46560 


1 






«0 


81443 


32889 


34295 


85616 


37405 


89069 


40812 


42642 


44567 


46596 


6 


^ 




29° 


28° 


270 


200 


25^ 


240 


^o 


23P 


.21° ^ 


?P°. 


M. 
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TABLE XL 
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• 


.LooARiTBiis of the Latitvdk and Polar IkarAKCi. 


1 








I^TITUDB. 








■" b 


o 


6 


6 


o 


u 


















M. 


70 


71 


72 


73 


74 
65966 


75 


76 


7t 


78 


70 











0.46595 


48736 


51002 


63406 


58700 


61632 


64791] 68212 


71940 


b 






1 


40630 


48773 


61041 


63448 


66)10 


58748 


61688 


64846 


682J2 


72005 


60 








a 


46664 


48809 


61080 


63489 


66054 


58795 


61734 


64901 


68331 


7207(4 68 


1 






t 


46699 


48846 


51119 


63531 


56099 


58842 


61726 


6495(^ 


68391 


72136 


67 


I 






4 


46734 


48888 


51158 


63572 


56143 


58890 


61836 

61887 


65011 


68451 


72201 


66 
"16- 






6 


0.46769 


48020 


51197 


58614 


56187 


58937 


65066 


68510 


7226(^ 
72332 






6 


46804 


4S957 


61236 


53655 


56231 


68984 


61938 


65121 


68570 


64 








7 


46839 


48998 


61275 


68697 


66276 


59032 


61989 


65176 


68630 


72398 


^8 








8 


46874 


49030 


61314 


63738 


56320 


69079 


62040 


65231 


68690 


72463 


62 








9 


46908 
0.46944 


49067 


61353 


58780 


66365 


69187 


62091 
62148 


65287 


68750 


7252U 


61 


^ 




10 


49i04 


61393 


163822 


66409 


69175 


66342 


68811 


72595 


60 






U 


46979 


49142 


61482 


63864 


56464 


69282 


62194 


65398 


68871 


72661 


49 








12 


47014 


49179 


51471 


63005 


66498 


60270 


62246 


65453 


68932 


72727 


48 








IS 


47049 


49216 


61510 


63047 


66643 


69818 


62207 


66509 


68992 


72794 


47 








14 


47084 


49258 


51650 


68080 


66688 


59366 


62348 


65560 


69053 
69113 


72860 


46 






15 


0.47119 


49290] 


51589 


54031 


66633 


59414 


62400 


65620 


72927 


46 






16 


47154 


49327 


61629 


64073 


66677 


50462 


62451 


65676 


69174 


72993 


44 








17 


47189 


49365 


61668 


64115 


66722 


60610 


62508 


65732 


6^3o 


73000 


48 








18 


47223 


49402 


61708 


54157 


66767 


60658 


62565 


65788 


69296 


73127 


42 








19 
20 


47260 


49439 


61748 


64199 


66812 


60606 


62607 


65844 


69367 


73194 


41 






0.47295 


40477 


617«7 


5«i40 


66857 


60654 


62669 


66900 


69418 


73261 


40 






21 


47331 


49514 


61827 


If 4284 


66002 


60708 


68711 


65957 


69479 


73328 


80 








22 


47866 


49551 


51867 


64326 


66047 


60751 


62768 


66013 


69541 


78395 


88 








28 


47402 


49689 


51906 


64368 


66000 


50800 


62815 


66069 


69602 


73462 


87 




' 




24 


47437 


49626 


61946 


64411 


67088 


60848 


62867 


66126 


69664 


73630 


86 






26 


0.47473 


49664 


61986 


64453 


57083 


60897 


62919 


06182 


69725 


73697 


86 


V 




26 


47608 


49702 


62026 


64496 


57128 


69946 


62072 


66889 


60787 


73665 


84 


1 






27 


47644 


49789 


62066 


64638 


67174 


69994 


63084 


66896 


60840 


73733 


il8 








28 


47679 


49777 


52106 


64681 


67219 


60048 


63076 


66868 


60010 


73801 


88 








29 


47615 


49815 


62146 


64628 


67865 


60091 


63189 


66409 


60072 


73860 


81 






30 


0.47650 


49852 


62186 


64666 


67310 


60140 


63181 


66466 


70034 


73037 


80 






31 


47686 


49890 


62226 


64708 


57350 


60180 


63234 


66623 


70097 


74005 


80 








32 


47722 


49928 


62266 


64751 


57401 


60238 


63287 


66580 


70159 


74073 


28 








33 


47758 


49966 


62396 


64704 


57447 


60287 


63340 


66638 


70221 


74142 


87 








84 


47793 


50004 


52346 


54837 


57493 


60336 


63302 


66695 


70284 


74210 


86 
25 






35 


0.47829 


50042 


52387 


54880 


57539 


60385 


63445 


66752 


70346 


74270 






36 


47865 


60080 


52427 


54928 


57584 


60484 


63498 


66810 


70409 


74348 


84 








87 


47901 


50118 


52467 


54065 
55008 


67630 


60483 


63561 


66867 


70471 


74417 


83 








38 


47937 


50156 


52508 


57676 


60533 


63605 


66925 


70534 


74486 


88 








89 


47973 


50194 


52548 


55052 


67722 


60582 


63658 


66982 


70597 


74555 


81 






40 


0.48009 


50232 


52589 


55095 


67768 


60681 


63711 


67040 


70660 


74624 


20 






41 


48045 


5027C 


52629 


55188 


67814 


60681 


63764 


67098 


70723 


74603 


19 








42 


48081 


50308 


62670 


56181 


67860 


60730 


63818 


67166 


70786 


7476^ 


18 


' 






43 


48117 


50340 


52710 


66224 


67907 


60780 


68871 


67214 


70850 


74832 


17 


1 






44 


48153 
0.48189 


50385 


52751 


65267 


67963 


60830 


63986 


67272 


70913 


74008 


16 






45 


50423 


52791 


55311 


67999 


60870 


63978 


67330 


70976 


74972 


15 






46 


48226 


50461 


52882 


56354 


68046 


60029 


64032 


67388 


71040 


75042 


14 








47 


48262 


51)500 


52873 


55398 


58092 


60979 


64086 


67447 


71104 


75112 


18 








48 


48298 


505.18 


52914 


56441 


68139 


61029 


64140 


67505 


71167 


75182 


12 








49 


48334 


50576 


52955 


55484 


68185 


61079 


64194 


67563 


71231 


75252 


11 






60 


0.48371 


5061;> 


52995 


55528 


58232 


011:29 


64248 


67622 


71295 


75323 


10 






61 


48407 


50653 


53036 


65572 


68278 


61179 


64302 


67681 


71350 


75393 









■ 


62 


48443 


50692 


53077 


56615 


68825 


6US29 


64866 


67739 


71423 


75464 


6 








58 


48480 


50731 


63118 


66659 


68872 


61279 


64410 


67798 


71488 


76584 


7 






- 


64 


48516 


50769 


53159 


55703 


68418 


61380 


64464 


67857 


71552 


75605 


6 






66 


0.48553 


50808 


53200 


55747 


58466 


61380 


64519 


67916 


71616 


76676 


6 






66 


48589 


50847 


63242 


56790 


68612 


61480 


64573 


67976 


71681 


76747 


4 








67 


48626 


50886 


63283 


55834 


68659 


61481 


64687 


68034 


71746 


76819 


8 








68 


48662 


50924 


68324 


65878 


68606 


61581 


64682 


68098 


71810 


76800 


8 








69 


48699 


50963 


63365 


56922 


68663 


61582 


64737 


68163 


71876 


76061 


1 








00 , 


48736 


61002 


63406 


55966 


68700 


61632 


64791 


68212 


71940 


76083 









■- 


^10® 


, 18° 


17© 


160 


150 140 


I80 


X90 11© 100 


M. 
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TABLE XI. 

L0GAfttTHM8'6f the LaTITUDB «ld PotAR ]>I8TAVCt. 



M. 




1 
9 
8 
4 



6 
6 
7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



80 
21 
22 
29 

24 



25 
26 
27 

28 
29 



30 
31 
32 
33 
34 



35 
36 
37 
38 
39 



40 
41 
42 
43 
44 



45 
46 
47 
48 
49 



KATITUDK. 



O 

80 



50 
51 
52 
53 
54 



55 
56 
57 
58 
59 
60 



0.76033 
76105 
76177 
76248 
76321 



o 
81 



0.76398 
76465 
76538 
76610 
76683 



[0.76756 
76829 
76902 
76975 
77048 



80567 
80647 
80727 
80807 
80887 



0.77122 
77195 
77269 
77343 
77417 



0.77491 
77565 
77639 
77714 
77789 



0.77863 
77938 
78013 
78088 
78164 



0.78239 
78315 
78390 
78466 
78542 



0.78618 
78694 
78771 
78847 
78924 



0.79001 
79078 
79155 
79232 
79309 



0.79387 
79465 
79542 
79620 
79698 



80967 
81048 
81129 
81210 
81291 

81372 
81453 
81535 
81617 
81698 



82 



85644 
85784 
85825 
85915 
86006 



86090 
86187 
86^8 
86370 
86461 



81780 
81863 
81945 
82027 
82110 



821M 
82276 
82859 
82442 
82526 



826091 
82698 
82777 
82861 
82945 



83030 
83114 
88199 
88284 
88369 



83456 
83540 
83626 
83711 
88797 



0.79777 
79855 
79933 
80012 
80091 



0.80170 
80249 
80328 
80408 
80487 
80567 



90 



83884 
83970 
84056 
84143 
84230 

84317 
84404 
84492 
84579 
84667 

84755 
84843 
84931 
85020 
85109 



o 
88 



91411 
91514 
91617 
91720 
91824 



91928 
92082 
92187 
92242 
92847 



86553 
86645 
86737 
86829 
86922 



87015 
871081 
87201 
87294 

87388 



87481 
87575 
87669 
87764 
87858 



87958 
88048 
88148 
882801 
88834 



88480 
88526 
88623 
88719 

88816 



88913 

eoom 

89107 
89205 

89303 



89401 
89499 
89598 
89696 
89795 



85197 
85286 
85376 
85465 
85555 
85644 



8® 



80894 
89994 
90098 
90193 
90293 



92452 
92558 
92668 
99769 
92876 



92982 

08089 

98190 

98804 

93411 



98519 
98628 
98736 
98845 
98954 



94063 
04173 
04288 
94898 
94503 



o 
84 



0.98077 
98197 
98318 
08489 
98560 



0.98682 
98804 
98926 
99049 
99172 



0.99296 
99419 
99544 
99668 
99798 



o 
85 



1.059701 
06115 
06260 
06406 
06552 



o 
86 



.15642 
15823 
16004 
16187 
16870 



1.06699 
06846 
06993 
07141 
072901 



.99918 

1.00044 

00170 

00296 

00423 



1.00550 
00678 
00806 
00934 
01068 



94614 
94725 
94836 
94948 
a'SOOO 



95172 
95285 
95397 
95510 
95624 



9573B 
95851 
95966 
96080 
96195 



90394 
90494 
90595 
90696 
90798 



90899 
91001 
91103 
91205 
91308 
91411 



70 



96310 
96426 
96542 
96658 
96774 



1.01192 
01821 
01451 
01581 
01712 



1.01843 
01974 
09106 
02238 
02871 



1.02504 
02637 
02771 
02905 
03040 



03311 
03147 
03583 
03720 



1.07439 
07589 
07789 
07800 
08041 



1.08193 
08845 
08498 
08651 

08805 



1.08960 
09115 
09270 
09426 
09583 



1.09740 
09898 
10057 
10216 
10375 



.10536 
10696 
10858 
11020 
11183 



1.16654 
16789 
16025 
17112 
17299 



o 
87 



1.28120 
28362 
28606 
28849 
29095 



1.17487 
17676 
17866 
18056 
18248 



1.18440 
18633 
18827 
19022 
19218 



1.19416 
19612 
19611 
20010 
20211 



1.29342 
29591 
29841 
80093 
803461 



1.30600 
80856 
81114 
81378 
81683 



o 

88 



1.45718 
46081 
46448 
46817 
47190 



1.47566 
47945 
48327 
487181 
49108 



o 
80 



1.75814 
76544 
77287 

7804^ 
78811 



1.7959;i 
80390 

81202 
82029 

82872 



1.31896 
82159 
82425 
82692 
82961 



1.20412 
20614 
20817 
21021 
212261 



.11346 
11510 
11674 
11839 
12005 



1.03175 1.12171 



96891 
97008 
07126 
97243 
97361 



97480 
07598 
97717 
97837 
97957 
98077 



60 



1.03857 
03905 
04133 
04272 
04411 



12339 
12506 
12675 
12844 



1.04550 
04690 
04830 
04971 
05118 



1.05254 
05897 
05639 
05683 
05S2(. 
05970 



1.13013 
13184 
13355 
13526 
13699 



1.21432 
216391 

21848 
22057 
22267 



1.22478 
22690 
22903 
23117 
23382 



1.23549 
23766 
23985 
24204 
34425 



1.13872 
14045 
14220 
14395 
14571 



1.14748 
14925 
15103 
15282 
15461 
15642 



6® 



1^ 



1.24C47 
24870 
25094 
25320 
25546 



1.88281 
88508 
88777 
84058 
84880 



1.84609 
84890 
86178 
86457 
85744 



1.36082 
36322 
36615 
369091 
37205 



1.494051 

49898 

50292 

50696 

5 1104 



1.51515 
51981 
52850 
62774 
63201 



1.63638 
64070 
64511 
54956 
55406 



1.55861 
66320i2 
66784 
57254 
67728 



1.37503 
87804 
38106 
88411 

88718 



1.39027 
3&338 
89651 
39967 
40285 



1.25774 

26003 
26233 
26465 
26697 



1.26931 
27166 
27403 
27640 
27880 
28120 



SO 



1.40605 
40928 
41253 
41581 
41911 



1.5820b 
58693 
59184 
59680 
60182 



1.60690 
61204 
61724 
62250 
62783 



60 
59 
58 
57 
56 



55 
54 

5» 
52 
61 



.88738 
84609 
86505 
86419 
87353 



1.88307 
89283 
90282 
91304 
92350 



1.93422 
94522 
95650 
96808 
97998 



1.99222 

.00480 

01777 

03113 

04492 



2.05916 
07388 
08912 
10491 
12130 



1.63322 

63868 
64422 
64982 
C5550 



1.42243 
42579 
42916 
43257 
43600 



1.43946 
44295 
44646 
45001 
45358 
45718 



2° 



1.66125 
66708 
67298 
67897 
68505 



2.13834 
15607 
17455 
19385 
21406 



2.23525 
25752 
28100 
30583 
33216 



1.69121 
09745 

. 70379 
71023 
71676 



1 



72339 
73012 
73696 
74391 
75097 
75814 



10 



2.3601b 
39015 
42233 
45709 
4948b 



2.53627 
58203 
68818 
69118 
75812 



2.83730 
98421 

3.05916 
28524 
53627 



(P 



POLAR OXtTASGC* 



50 

49 
48 
47 
46 



45, 
44 
48 
42 
41 



40 
39 
38 
37 
36 



35 
34 
38 
32 
81 

30 
29 
28 
27 
26 



15 
14 
13 
12 
11 



10 
9 
8 
7 
6 



6 
4 
8 
8 
I 



M. 



■V 



TABLE XII. 




"1 


LooAEiTnifS of the Half Sum and Difference.' 1 




H4LK SVM* 




O 


o 


o 





u 


o 


O 


o 








M. 


89 


88 


87 


86 


85 


84 


83 


82 


81 


80 


60 





3.2418# 


3.6428:< 


3.71880 


8.84358 


3.04030 


4.01923 


4.08589 


14356 


19433 


23967 


1 


23490 


63919 


71638 


84177 


03885 


01803 


08486 


14266 


19353 


23895 


50 


2 


22713 


63652 


71395 


83996 


93740 


01682 


08383 


14175 


19273 


23823 


58 


3 


21958 


63183 


71151 


83813 


93594 


01561 


08280 


14085 


19193 


23752 


57 


4 
6 


21189 


52810 


70905 


83630 


93448 


01440 


08176 


13994 


19113 


23679 


56 
55 


3.20407 


3.62434 


3.70658 


3.88446 


3.93301 


4.01318 


4.08072 


13904 


19033 


23607 


6 


19610 


62056 


70409 


83261 


08154 


01196 


07968 


13813 


18952 


23535 


54 


7 


1879D 


61673 


70160 


8S«^6 


08007 


01074 


07868 


1372i 


18871 


23462 


53 


8 


17971 


61287 


60907 


82888 


92859 


00951 


07768 


13630 


18790 


23390 


52 


9 


17128 


60807 


69664 


82701 


92710 


00823 


07663 


13639 


18709 


23317 


51 
50 


10 


3.16268 


3.60606 


3.69400 


3.82613 


3.92661 


4.00704 


4.07548 


13447 


18C2b 


23244 


11 


16801 


60108 


60144 


82824 


02411 


00581 


i>7442 


13355 


18547 


23171 


49 


12 


14403 


48708 


68886 


82134 


92261 


00466 


07387 


13263 


18466 


23098 


48 


13 


13681 


40304 


68627 


81944 


98110 


00332 


07231 


13171 


18383 


23025 


47 


14 


12047 


48806 


68367 


81762 


91969 


00207 


07124 


13078 


18302 
18220 


22952 


46 
45 


15 


3.11603 


3.48486 


3. €8104 


3.81660 


3.91807 


4.00082 


4.07018 


12985 


22878 


^ 16 


10717 


48060 


07841 


81867 


91665 


3.99966 


06911 


12892 


18137 


22805 


44 


' 17 


00718 


47660 


67676 


81173 


91602 


99830 


06804 


12799 


18065 


22731 


43 


18 


08606 47826 


67308 


80978 


01849 


00704 


06696 


12706 


17073 


22657 


42 


19 
20 


07660 


46790 


67030 


80782 


91195 


00677 


06680 


12612 
12519 


17890 
"l?§07 


22588 


41 


3.06678 


3.iM367 


3.66769 


3.80685 


3.91040 


3.99460 


4.06481 


22509 


40 


21 


06478 


46930 


66497 


80388 


00886 


99322 


06372 


12425 


17724 


22435 


39 


22 


04360 


46480 


60223 


80189 


90730 


99194 


06264 


12331 


17641 


22361 


88 


23 


08102 


46044 


66047 


79990 


90674 


99066 


06165 


12236 


17568 


22286 


87 


L 24 


02002 


44604 


66670 


79789 


00417 


98937 


06046 


12142 
12047 


17474 


22211 


86 
35 


^ 26 


3.00779 


3.44139 


8.66301 


3.79688 


3.00260 


3.98808 


4.05937 


17391 


22137 


\ 96 


2.90620 


43680 


66110 


79886 


90102 


08670 


05827 


11952 


17307 


22062 


34 


27 


96223 


43216 


64627 


79183 


89943 


98649 


06717 


11867 


17223 


21987 


33 


28 


96887 


42746 


64643 


78979 


89784 


98419 


05607 


11761 


17130 


21912 


82 


29 


96608 


42272 


64266 


78774 


89625 


98288 


05497 


11666 


17055 


21836 


31 
30 


80 


2.94064 


3.41792 


8.63068 


8.78668 


^.89464 


3.98167 


4.05386 


11570 


16970 


21761 


31 


92612 


41307 


63678 


78861 


89304 


98026 


06275 


11474 


10886 


21685 


29 


32 


91088 


40816 


68886 


78152 


80142 


07894 


06164 


11377 


16801 


21610 


28 


S3 


80600 


40320 


68001 


77943 


88080 


97762 


06062 


11281 


16716 


21634 


27 


1 34 


817870 


80818 


61795 


77733 


88817 


97629 


04940 


11184 


16631 


21458 


26 


2.86166 


3.80310 


8.62497 


3.77622 


3.88664 


3.97496 


4.0482i^ 


11087 


16646 


21382 


25 


36 


9M^ 


86706 


62196 


77810 


88400 


97363 


04716 


10990 


16460 


21306 


24 


37 


82646 


88276 


01804 


77007 


88326 


97229 


04608 


10893 


16374 


21229 


23 


38 


80616 


87760 


01689 


70883 


88161 


97095 


04490 


10705 


16280 


21153 


22 


39 
40 


78604 


87217 


'61282 


7666t 


87995 


96060 


04376 


10697 


16203 


21076 


21 
20 


2.76476 


3.36678 


3.60073 


3.76461 


3.87829 


3.96825 


4.04262 


10599 


16116 


20999 


41 


74248 


86132 


60662 


76234 


87661 


96689 


04149 


10501 


16030 


20022 


19 


42 


71900 


36678 


60340 


76015 


87494 


96553 


04034 


10402 


15944 


20845 


18 


43 


69417 


36018 


60033 


76706 


87325 


96417 


03920 


10304 


15857 


20768 


17 


44 


66784 


34450 


69715 


76675 


87156 


96280 


03805 


10205 


15770 


20691 
20613 


16 
15 


45 


2.63982 


3.33875 


3.69395 


3.76363 


3.86987 


3.96143 


4.03600. 


10106 


15683 


46 


60985 


33292 


69072 


76130 


86816 


96005 


03674 


10006 


15596 


20535 


14 


47 


67767 


32708 


68747 


74906 


86645 


95867 


03458 


09907 


15508 


20458 


13 


48 


64291 


32103 


68419 


74680 


86474 


95728 


03342 


09807 


15421 


20380 


12 


49 
50 


60512 


31495 


58089 


74454 


86301 


95689 


08226 


09707 


15333 


20302 


11 
10 


2.46373 


3.30879 


3.67767 


3.74220 


3.86128 


3.95450 


4.03109 


09606 


15245 


20223 


51 


41797 


30265 


67421 


78097 


86966 


95310 


02992 


09506 


15157 


20145 


9 


62 


36682 


29621 


67084 


73767 


86780 


05170 


02874 


09405 


15069 


20067 


8 


53 


30882 


28927 


66743 


73636 


86605 


95029 


02757 


09304 


14980 


19988 


7 


54 
55 


24188 


28324 


6^00 


73308 


85429 


94887 


02639 


00202 
09101 


14891 


19909 


6 


2.16270 


3.27661 


8.66064 


8.7306U 


3.85252 


3.94746 


4.02520 


14803 


19830 


5 


66 


06579 


26988 


55705 


72834 


85075 


94603 


02402 


08999 


.14714 


19751 


4 


57 


1.04085 


20304 


66354 


72597 


84897 


94461 


02283 


0889? 


14624 


19672 


3 


58 


76476 


25609 


64999 


72860 


84718 


94317 


02163 


08795 


14535 


19592 


2 


59 


46373 


24903 


64642 


72120 


84639 


94174 


02043 


08692 


14445 


19518 


1 


*60 


00000 


24186 


64282 


71880 


84368 


040ii: 01923 


08589 


14356 


19433 





• 


OO 


lo j ap 


3° 


4° 


i^ (P 


70 


80 


90 


M. 
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TABLE XII. 


w^^^^^^^j 




Logarithms of the Half Sum and DirrB&iircB. 


1 










HAUr SCK. 






<j 


o 


o 


o 











u 


6— 


6" 




M. 


79 


78 


77 
85209 


76 

88868 


75 


74 


78 


72 


71 


70 









4.28060 


•81788 


41300 


44084 


46694 


48996 


61264 


68405 


60 




1 


27995 


31728 


85154 


88817 


412.)2 


48990 


46652 


48069 


61227 


68870 


69 






2 


27930 


81669 


85099 


88266 


41205 


48046 


46511 


48020 


61101 


68886 


68 






3 


27861 


31609 


85044 


88215 


41158 


48901 


40469 


48881 


61164 


68801 


67 






4 


27799 


31.549 


84989 


88164 


41110 


48857 


46428 


48842 
48803 


61117 


68266 


66 




5 


4,27734 


31490 


34934 


88113 


41063 


4S813 


40886 


61080 


68281 


66 




C 


27668 


81430 


84879 


38062 


41016 


48769 


46845 


48764 


61048 


68196 


64 






7 


27602 


31370 


84824 


88011 


40968 


48724 


468.;3 


48726 


61007 


68161 


68 






8 


27537 


3131G 


84769 


87960 


40921 


48680 


46262 


48686 


60070 


53126 


62 






9 


27471 


81250 


84713 


87909 


40873 


48685 


4^20 


48647 


60088 


68092 


61 
50 




10 


4.27405 


31189 


84658 


87858 


40825 


43591 


46178 


48607 


60806 


.68066 




11 


27339 


81129 


34602 


87806 


40778 


48546 


46186 


48668 


60868 


68021 


40 






12 


27273 


31068 


34547 


87755 


40730 


48502 


46095 


48620 


60821 


52086 


48 






13 


27206 


81008 


84491 


87703 


40682 


48457 


46063 


48400 


60784 


52061 


47 






14 


27140 


30947 


84436 


87652 


40634 


48412 


46011 


48460 


60747 


52016 


46 




15 


4.27073 


30887 


3438'j 


87600 


40586 


43867 


45060 


48411 


60710 


52881 


45 




16 


27007 


30826 


84324 


87549 


40538 


48823 


46927 


48871 


60678 


62846 


44 






17 


26940 


30765 


34268 


87497 


40490 


48278 


45885 


48382 


60636 


62811 


48 






18 


26873 


30704 


84212 


87445 


40442 


43233 


46843 


48292 


60608 


52775 


42 






19 


26806 


30643 


84156 


87393 


40394 
40346 


43188 


46801 


48262 


60561 


52740 


41 




20 


4.26739 


80582 


34100 


37341 


43143 


45768 


48218 


60528 


62705 


40 




21 


26672 


80521 


34043 


87289 


40297 


48098 


46716 


48178 


60486 


52669 


30 






22 


26605 


30459 


83987 


87287 


40249 


48053 


45674 


48188 


60440 


62634 


88 






23 


26538 


80398 


83931 


87185 


40200 


48008 


46682 


48004 


60411 


52596 


87 






21 


26470 


30336 


33874 


87133 
87081 


40152 


42962 


45589 


48064 


60874 


62568 


86 




25 


4.26403 


80275 


33818 


40103 


42917 


45647 


48014 


60836 


62527 


86 




26 


26335 


30213 


33761 


87028 


40055 


42872 


46604 


47974 


60208 


52492 


84 






27 


26267 


30151 


38704 


36976 


40006 


42826 


45462 


47934 


60261 


62456 


88 






28 


26199 


80090 


33647 


86924 


39958 


42781 


45419 


47894 


60228 


52421 


82 






29 


26131 


30028 


33591 
33534 


36871 


39909 


42735 


46377 
45384 


47854 


50186 


52386 


81 




30 


4.26063 


29966 


36819 


39860 


42690 


47814 


60148 


. 52350 


80 




31 


25995 


29903 


33477 


86766 


89811 


42644 


46292 


47774 


60110 


52314 


20 






32 


25927 


29841 


83420 


36713 


89762 


42599 


45249 


47784 


60072 


52278 


28 






33 


25858 


29779 


83362 


36660 


89713 


42553 


46206 


47694 


60084 


52242 


27 






34 


25790 


29716 


83305 


86608 


89664 


42507 


45168 


47654 


49996 


52207 


26 




35 


1.25721 


29654 


88248 


36555 


89615 


42461 


46120 


47613 


49958 


62171 


26 




30 


25652 


29591 


83190 


86502 


89566 


42416 


45077 


47673 


49920 


52135 


24 






37 


25583 


29529 


83183 


36449 


89517 


42870 


46085 


47588 


49882 


62099 


23 






38 


25514 


29466 


83075 


36395 


89467 


42324 


44992 


47492 


49844 


52063 


22 






39 


25445 


29403 


33018 
32960 


86842 


89418 


42278 


44948 


47452 


49806 


52027 


21 




40 


1.25376 


29340 


36289 


89369 


42232 


44905 


47411 


49768 


51991 


20 




41 


25307 


29277 


32902 


86236 


89319 


42186 


44862 


47371 


49780 


61955 


19 






42 


25237 


29214 


32844 


36182 


39270 


42140 


44819 


47330 


49692 


51919 


18 






43 


25168 


29150 


32786 


36129 


89220 


42093 


44776 


47290 


49664 


51883 


17 






44 
45 


25098 


29087 


32728 


36075 


39170 


42047 


44733 


47249 


49615 


61847 


16 




4.25028 


29024 


32670 


36022 


39121 


42001 


44689 


47209 


49577 


51811 


16 




46 


24958 


28960 


32612 


35968 


39071 


41954 


44646 


47168 


49539 


61774 


14 






47 


24888 


28896 


32553 


35914 


39021 


41908 


44602 


47127 


49500 


61738 


18 






48 


24818 


28833 


32495 


35860 


88971 


41861 


44559 


47086 


49462 


51702 


12 






49 


24748 


28769 


32437 


35806 


88921 


41815 


44516 


47045 


49424 


51666 


n 




50 


4.24677 


28705 


32378 


35752 


38871 


41768 


44472 


47005 


49385 


51629 


10 




51 


24607 


28641 


32310 


35698 


38821 


41722 


44428 


46964 


49347 


51593 


9 






52 


24536 


28577 


32261 


35644 


88771 


41675 


44885 


46923 


40306 


51557 


8 






53 


24466 


28511 


32202 


85590 


38721 


41628 


44341 


46882 


49269 


51520 


7 






54 


24395 


28448 


32143 
32084 


35536 


38670 


41582 


» 44297 


46841 


49231 


51484 


6 






55 


4.24324 


28384 


3548J 


38620 


41585 


44253 


4t80U 


49192 


51447 


6 




56 


24253 


28319 


32025 


35427 


38570 


41488 


4421(r 


46758 


49153 


51411 


4 


■ 




57 


24181 


218254 


31966 


35373 


38519 


41441 


44166 


46717 


49115 


51374 


8 






58 


24110 


28190 


31907 


35318 


88469 


41394 


44122 


46676 


49076 


51338 


2 






59 


24039 


28125 


31847 


35263 


88418 


41347 


44078 


46635 


49037 


51301 


1 




- 


60 


23967 


28000 


31788 


85209 


88368 


41300 


44034 


46594 


4899}- 


51264 









10° 


no 


120 


130 


• 140 


150 


I60 


170 


18° 


190 


M. 




. ■ 


DirrBR] 


BTIGB. 
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Logarithms of the Half Sum and Diffkiience 








HALF 


SUM. 






O 


o 


o 


o 


o 


o 


O 


o 


o 


o 




M. 


60 


68 


67 


66 


65 


64 


68 


62 


61 


60 









4.56483 


6786b 


69188 


60931 


62595 


64184 


65705 


67161 


68557 


69897 


60 






1 


66400 


67826 


6916S 


60903 


62568 


64158 


656801 67137 


68534 


69876 


5% 






2 


66867 


57295 


69128 


60875 


62541 


64132 


66655 


67113 


68512 


69853 


68 






t 


56384 


67264 


59098 


60846 


62613 


64106 


656301 670901 68489 


6983] 


67 






4 


65801 


67232 


59069 


60818 


62486 


64080 


65605 


67066 


68466 69809 


56 




6 


4.65268 


67201 


69089 


60789 


62469 


64054 


65580 


67042 


68443 


69787 


65 




6 


66235 


67169 


59009 


60761 


62482 


64028 


65556 


67018 


68420 


69766 


54 






T 


65202 


67138 


68979 


60782 


62405 


64002 


65531 


66994 


68397 


69748 


58 






8 


66169 


57107 


68949 


60704 


.62377 


63976 


65606 


66970 


68374 


69721 


52 









66136 


67076 


68919 


60675 


62850 


63950 


65481 


66946 


68351 


69699 
69677 


51 




10 


4.66102 


57044 


68889 


60646 


62823 


68924 


65456 


66922 


68328 


50 




11 


65069 


67012 


68869 


60618 


62296 


68898 


65431 


66899 


68305 


69665 


49 






12 


66030 


66080 


68829 


60689 


62268 


63872 


65106 


66875 


68282 


69683 


48 






18 


65003 


66949 


68799 


60661 


62241 


63846 


65381 


66861 


68260 


69611 


47 






14 


64969 
4.54936 


56917 


68769 


60532 


62214 


63820 


65356 


66827 


68237 


69589 


46 




16 


56886 


68789 


60503 


62186 


63794 


65331 


66803 


68213 


69667 


45 




16 


64903 


66851 


58709 


60474 


62159 


63767 


65306 


66779 


68190 


89545 


44 






17 


64869 


56822 


58678 


60446 


62131 


63741 


65281 


66765 


68167 


69523 


43 






18 


64836 


66790 


58648 


60417 


62104 


63715 


65265 


66731 


68144 


69601 


42 




* 


Id 


54802 


56759 


68618 


60388 


62076 


63689 


65230 


66706 


68121 


69479 


41 




20 


4.64769 


66727 


58588 


60859 


62049 


63662 


65205 


66682 


68098 


69466 


40 




21 


54785 


56605 


58657 


60381 


62021 


63636 


65180 


66658 


68075 


69434 


39 






22 


54702 


56663 


58627 


60302 


61994 


63610 


65155 


66634 


68052 


69412 


38 






28 


64668 


56631 


58497 


60273 


61966 


63683 


65180 


66610 


68029 


69390 


37 






24 


54635 


66599 


58467 


60244 


61939 


68567 


65104 


66586 


68006 


69368 


36 




25 


4.54601 


66568 


58486 


60215 


61911 


63531 


65079 


66562 


67982 


69345 


36 




26 


64567 


66536 


58406 


60186 


61883 


68504 


65054 


66537 


67959 


69323 


34 






27 


64534 


1^6504 


58875 


60157 


61856 


63478 


65029 


66513 


67936 


69301 


38 






28 


64500 


66472 


68345 


60128 


61828 


63451 


65003 


66489 


67918 


69279 


32 






29 


64466 


66440 


68814 


60099 


61800 


63425 


64978 
64963 


66466 


67890 


69266 


31 




80 


4.54483 


56408 


58284 


60070 


61773 


63398 


66441 


67866 


69234 


30 




81 


64399 


66875 


58258 


60041 


61745 


633ri 


64927 


66416 


67843 


69212 


29 






32 


64865 


66343 


68223 


60012 


61717 


63845 


64902 


66392 


67820 


69189 


28 






88 


54331 


56811 


68192 


59988 


61689 


63319 


64877 


66368 


67796 


69167 


27 






84 


64297 


56279 


58162 


69954 


61662 


63292 


64851 


66343 


67773 


69144 


26 




85 


4.64268 


66247 


68131 


59924 


61684 


63266 


64826 


66319 


67750 


69122 


25 




86 


64229 


56215 


58101 


59895 


61606 


63239 


64800 


66295 


67726 


69100 


24 






87 


64196 


56182 


58070 


59866 


61578 


63213 


64775 


66270 


67703 


69077 


23 






88 


64161 


66150 


58039 


69887 


61650 


63186 


64749 


66246 


67680 


69056 


22 






89 


64127 


66118 


58008 


69808 


61522 


63159 
63133 


64724 


66221 


67666 


69032 


21 




40 


4.54003 


56085 


57978 


59778 


61494 


64698 


66197 


67633 


69010 


20 




41 


64059 


56053 


67947 


59749 


61466 


63106 


64673 


66173 


67609 


68987 


19 






42 


64025 


56021 


67916 


69720 


61488 


63079 


64647 


66148 


67586 


68966 


18 






43 


53991 


65988 


67885 


69090 


61410 


63052 


64622 


66124 


67562 


68942 


17 






44 


53967 


66956 


67865 


69661 


61382 


63026 


64596 


66099 


67539 


68920 


16 




45 


4.53922 


65928 


57824 


69632 


61854 


62999 


64571 


66075 


67615 


68897 


15 




46 


53888 


65891 


67793 


69602 


61326 


62972 


64545 


66050 


67492 


68875 


14 






47 


53854 


65858 


57762 


59578 


61298 


62946 


64519 


66026 


67468 


68862 


18 






48 


53819 


55826 


57781 


69548 


61270 


62918 


64494 


66001 


67445 


68829 


12 






49 


53786 


56798 


67700 


60514 


61242 


62892 


64468 


65976 


67421 


68807 
68784 


11 




50 


4.63761 


65761 


67669 


59484 


61214 


62865 


64442 


65952 


67398 


10 




51 


53716 


55728 


67638 


69455 


61186 


62838 


64417 


66927 


67374 


68762 


9 






52 


53682 


66695 


67607 


59425 


61158 


62811 


64391 


65902 


6735CI 


68739 


8 






^s 


58647 


66668 


67576 


60396 


61129 


62784 


64365 


65878 


67327 


68716 


7 






64 


68618 


65680 


67545 


69366 


61101 


62757 


64839 


65853 


67803 


68694 


6 




65 


4.53678 


65597 


67514 


59386 


61078 


62730 


64313 


65828 


67280 


68671 


5 




66 


63644 


66664 


67482 


59307 


61016 


62703 


64288 


65804 


67256 


68648 


' 4 






67 


68609 


65682 


67461 


59277 


61016 


62676 


64262 


65779 


67282 


68625 


8 






68 


63476 


65499 


67420 


69247 


60988 


62649 


64286 


65754 


67208 


68603 


2 






59 


63440 


65466 


67889 


69218 


60960 


62622 


64210 


65729 


67186 


68580 


1 






60 


68405 


55483 


67868 


50188 


60981 


62595 
260 


64184 


65705 


67161 


68557 







• 


20© 


21© 


22® 


28® 


1 24© 


26° 


27© 


280 


290 


M. 


'divfbrj 


BNOB. 



' .>. 
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TABLE XII. 1 




LooARiTHMS of the Half Sum and DiiTERBWct. 








MAur soil. 




' 


o 


O 








o 


o 


o ' -o 


-o 


"o 




M. 


69 


58 


67 


66 


56 


64 


53 52 


61 


60 


. 




9 


4.71184 


72421 


78611 


74756 


75859 


76922 


77946 78934 


7988? 


80*)7 


6Q 






1 


71163 


72401 


73591 


74737 


75841 


76904 


77980 


78918 


T98T2 


80792 


69 






a 


71142 


72381 


73572 


74719 


76823 


76887 


77913 


78902 


r?836 


80777 


6$ 






8 


71121 


72360 


73552 


74700 


75805 


76870 


77896 


78886 


79840 


80762 


6T 






4 


71100 


72340 


78533 


74681 


75787 
75769 


76852 


77879 


78869 


79825 


80746 


66 




5 


4.71079 


72320 


73513 


74662 


76835 


77862 


78853 


79809 


80731 


55 









71038 


72290 


73494 


74644 


75751 


76817 


77846 


78837 


79793 


80716 


64 


• 




7 


71036 


72279 


73474 


74625 


75733 


76800 


77829 


T8821 


79778 


80701 


58 






a 


71016 


72250 


73456 


74606 


75714 


76782 


77812 


78805 


,79762 


I 80686 


52 






9 


70994 
4.70978 


72238 


73435 


74587 


75696 


76765 
76747 


77795 


78788 


79746 


80671 


61 




10 


72218 


73416 


74568 


75678 


! 77778 


78772 


ItdTSl 


80656 


66" 




11 


70952 


72198 


73896 


74549 


75660 


76780 


177761 


78756 


.79715 


80641 


49 






la 


70931 


72177 


73377 


74581 


75642 


76712 


77744 


78739 


79699 


80626 


48 






18 


70909 


72157 


73357 


74512 


75624 


! 76695 


I7n27 


78728 


79684 


80610 


47 






14 


70888 
4.70867 


72137 


73837 


74498 


7^^605 


76677 


77711 


.78707 


79668 


80995 


46 




15 


72116 


73318 


74474 


75587 


!r666b 


' 7«64 


78691 


79652 


80580 


46 




10 


70846 


72096 


73298 


74455 


75569 


76642 


' 77677 


78674 


79686 


80505 


44 






17 


70824 


72075 


73278 


74486 


75651 


76625 


77660 


78658 


79621 


80560 


49 






18 


70803 


72055 


73259 


74417 


75583 


76607 


77648 


78642 


79605 


80534 


4t 






19 


70782 


72034 


78289 


74308 


75514 


76690 


77626 


78625 


79589 


80519 


41 


■ 


20 


4.70761 


72014 


73219 


74879 


75496 


76572 


77609 


78609 


fwfz 


80504 


• ■ 4*" 




21 


70739 


71994 


73200 


74860 


75478 


76554 


77692 


78592 


79558 


80489 


89 






29 


70718 


71973 


73180 


74841 


76459 


76587 


77575 


78576 


79542 


80478 


88 






28 


70697 


71952 


73160 


74322 


76441 


76519 


77558 


78560 


79526 


80468 


3? 






21 


70675 


71982 


73140 


74308 


75423 


76501 


77641 


78543 


79610 


80448 


86 




25 


4.70654 


71911 


73121 


74284 


75405 


76484 


775^4 


78597 


79494 


80498 


36 


■ 


29 


70633 


71891 


73101 


74285 


75386 


76466 


77507 


78510 


79478 


80412 


84 


' 


I 


27 


70611 


71870 


78081 


74246 


76868 


76448 


77490 


78494 


79463 


80897 


88 




1 


29 


70690 


71850 


73061 


74227 


75850 


76481 


77478 


78478 


79447 


80882 


82 


f 


i 
1. 


29 


70568 


71829 


78041 


74208 


75831 


76413 


77456 


78461 


79481 


80866 


81 




SO 


4.70547 


71809 


78022 


74189 


75813 


76395 


774$9 


78445 


79415 


80851 


r~3o 


1 


81 


70525 


71788 


73002 


74170 


75294 


76378 


77492 


78428 


79899 


80886 


29 






82 


70504 


71767 


72982 


74161 


75276 


76360 


77405 


78419 


79883 


80820 


26 






88 


70482 


71747 


72962 


74182 


75258 


76342 


77887 


78895 


79867 


80805 


27 






84 


70461 


71726 


72942 


74118 


7&280 


76324 


77876 


78879 


79851 


80990 


20 




35 


4.70489 


71705 


72922 


74093 


76221 


76307 


77858 


78369 


79885 


80274 


26 




30 


70418 


71685 


72902 


74074 


76202 


76289 


77836 


78346 


79819 


80259 


24 






37 


70396 


71664 


72883 


74055 


75184 


76271 


77819 


78829 


79804 


80244 


28 






38 


70375 


71648 


72863 


74036 


75165 


76253 


77309 


78818 


79288 


80228 


22 






89 


70353 


71622 


72848 


74017 


75147 


76236 


77285 


78296 


79272 


80213 


21 




40 


4.70332 


71602 


72823 


73997 


75128 


762318 


77268 


78280 


79256 


80197 


20 




41 


70310 


71581 


72803 


73978 


75110 


76200 


77250 


78268 


79240 


80182 


19 






49 


70288 


71560 


72788 


73959 


75091 


76189 


77983 


78246 


79224 


80166 


18 






48 


70267 


71589 


72768 


78940 


75078 


76164 


77916 


78230 


79208 


80161 


17 






44 


70245 


71519 


72748 


73921 


75054 


76146 


77199 


782U 


79192 


80186 


16 




45 


4.70224 


71498 


72728 


73901 


75036 


76190 


77181 


78197 


79176 


80120 


16 




40 


70202 


71477 


72708 


78882 


75t>17 


761.11 


77164 


78180 


79160 


B0105 


14 






47 


70180 


71456 


72688 


78868 


74999 


76093 


77147 


78168 


79144 


80089 


18 






48 


70159 


71435 


72668 


73843 


74980 


7607Q 


77130 


78147 


79128 


80074 


12 






49 


70187 


71414 


72648 


73824 


74961 


76057 


77112 


78130 


791U 


80058 


11 




50 


4.70116 


71393 


72622 


78805 


74948 


7^319 


77096 


78118 


79095 


80048 


10 




61 


70093 


71878 


72602 


73785 


74924 


76021 


77078 


78097 


79079 


80027 


9 






52 


70072 


71852 


72582 


73766 


74006 


76003 


77061 


78080 


79068 


80012 


8 






63 


70050 


71881 


7256i2 


78747 


74887 


75985 


77043 


78063 


79047 


79996 


7 




• 


54 


70028 


71810 


72642 


7d7S^7 


74868 


75067 


77026 


78047 


79031 


79981 


6 




55 


4.7000Q 


71289 


72522 


73708 


74850 


75049 


77009 


78030 


79015 


79965 


6 




56 


69984 


71268 


72502 


73689 


74831 


75931 


76991 


78013 


78999 


79960 


4 






^7 


69968 


71247 


72482 


73669 


74812 


76918 


76974 


77997 


78983 


79934 


8 






58 


69941 


71226 


72461 


73650 


74794 


75895 


76957 


77980 


78967 


79918 


2 






59 


69919 


71205 


72441 


73630 


74775 


75877 


76939 


77963 


78960 


79903 


1 






60 


69697 


7iiS4 


72421 


73611 


74756 


76859 


76922 


77946 


78934 


798S7 
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81° 
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880 


840 


850 


360 


870 
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M. 
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1 

8 

4 



6 

« 
T 
8 




10 
11 
18 
18 
14 



U 
18 
17 
18 
19 



98 
fl 



9tt 



8& 

as 



99 



8a 

8L 
89 

u 



8ft 
8a 
87 

8a 

89 



49 
41 
49 
48 

44 



4ft 
46 
47 

48 
49 



50 
81 
69 
53 
64 



55 
56 
67 
68 
59 
60 



MALT toil. 



49 



[4.81694 
81680 
81665 
81651 
81636 



4.816221 
81607 



48 



89551 
89537 
89533 
82509 
82495 



81592 82453 
81578 894391 



81563 



14.814751 
81461 
814461 
81431 
81417 



14.814091 
81887 
81879 
81858 
81843 



14.81898 
81814 
81999 
81984 
81969 



4.81964 
81948 
81925 
81910 
81195 



4.815491 
81534 
81519 
81506 
81490 



82481 
89407 



894^ 



89410 
89396 
89389 
82368 
82854 



47 



83378 
83365 
83351 
83338 
83324 



83311 

88297 

88983 

88270f 

83256 



46 



8417? 
84164 
84151 
84138 
84125 




44 



48 



14.81180 
81166 
81161 
811861 
81121 



4. 811061 
81001 
810761 
81061 
81047 



478!q69 
UM7 

81809 

80967 
80979t 



^.80967 
80849 
80027 
80912 
80697 



4.80688 
80667 
808591 
80837 



80807 



40© 



89340 
89396 
89811 
89997 

899831 



89969 
82955 
89940 



89919 



89198 
89184 
89169 
89166 
89141 



89126 
89119 

89008 
89064 
89069 



89055 
89041 
89096 
89(M9 
81908 



81983 
81969 
81966 
81M0 
81996 



81MU 

81807 

81889 

81868 

81864 



81839 
81896 
81810 
8179f 

81781 



81767 
81769 
81738 
81793 
81709 
81994 



41® 



83242 
83229 
88215 
88209 
88188 



84112 
84099 
84085 
84072 
64659 



84046 
84033 
84020 
84006 
83993 



84885f 

84873 

848O0 

84847 

84836 



86698 
85681 
85669 
86657 
85645 



85632 
85620 
85608 
85596 
85583 



84822 
84809 
84796 
84784 
84771 



86413 
86401 
86389 
86377 
86366 



42 



87107 
87006 
87085 
87073 
87062 



86854 
86349 
86830 
86818 
86806 



"^ 



41 



40 



87778 
87767 
87756 
87745 
87784 



88174 
88161 
88147 
88183 
83120 



83106 
88009 
83078 
88066 
88061 



88087' 
88823 
88010 
89906 



89968 
89966 
89941 

82927 
89913 



898091 

89885 

89879 

89858 

89844 



88830 
89816 
89809 
8978$ 
^776 



89761 
89747 
89738 

89706 



89601 
89677 
89668 
89649 
89636 



89691 
89607 
896981 



89651 



4I2P 



83980 
83967 
88954 
88940 
83927 



88914 
88901 
o9cX)7 
88874 
88861 



83848 
83884 
83891 
88808 
83795 



83781 

887681 

88766 

8874] 

88728 



83715 
83701 
88688 
88674 
88661 



88648 
^634 
88621 



88604 



83581 
88567 
86664 
88640 
8d^m 



83613 
88600 
83486 
88473 

884591 



88446 
88432 



89679 ^406 
89666 88302 



89878 



430 



847581 
84745 
84733 
84720 
84707 



84694 
84689 
84669 
84656 
84643 



84630 
84618 
84605 
84502 
84679 



84566 
84663 
84640 
845281 
84615 



84502 
84489 
84476 
84463 
84450 



84437 
84424 
84411 
84808 

84886 



8M73 

8436« 

84847 

843341 

84321 



84308 
84206 
84989 
84269 
84955 



84949 

84929 



834191 84916{ 
84903 



841901 
84177 



440 



86571 

866591 
85647 
85634 
85629 



86996 



856101 

86497 

86485 

86473 

85460 



86448 
85436 
864i28 
86411 
85309 

85386 
85374 
85361 
86349 
86887 



86324 
86319 
86299 
86287 
85974 



85962 
85950 
85937 
85925 
85912 



869001 

86187 

8&175 

86169 

86160 



86187 
86186 
86119 
86100 

86087 



86074 
86069 
85049 
86037 
86024 



86019 
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84066 
84874 
84961 
849491 
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86271 
86259 
8^47 



87050 
87030 
87028 
87016 
87006 



86998 



86883^86989 



86979 
86959 
86947 



87723 
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87701 
87690 
87679 



88496 
88415 
88404 
88394 

88383 



86379 
88362 
88851 
88840 
88830 



86936 
86228 
86911 
86900 
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86176 
86164 
86169 
86140 
.86128 



86116 
86104 
86099 
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86986 
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8S8B8 
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8S864 
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85706 
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460 



86036 
86924 
86913 
86902 
86890 
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86867 
86856 
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86881 
86809 
86708 
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86769 
86740 
86798 
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86694 
86689 
86670 
86669 



86647 
86635 
86624 
.86619 
86600 



866891 
86677 
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86618 
86607 
86406 
86483 



86472 
86460 
86448 
86436 
86426 
86413 
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87657 
37646 
87635 
87694 
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87601 
87690 
87679 
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87636 
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88808 
88998 
88987 
^89761 



60 
69 
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67 
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65 
84 
68 
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88966 
88965 
88914 
88234 
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88901 

88191 

88180 

88169 



87501 
87490(86148 
87479 • 8B187 



87468 
87467 



87446 
87484 
87493 
87419 
87401 



87390 
87878 
87367 
87366 
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87384{8r906( 
87985 
87975 
87964 
87963 



87329 
87811 
873001 
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87943 
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89 
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91 

99 
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18 
17 
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16 
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19 
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10 
9 

8 
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4 

8 

9 
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S9 


88 


87 


86 


86 


84 


S3 


82 


SI 


SO 






• 


4.89060 


89653 


90235 


90796 


91330 


91857 


02369 


92842 


93307 


9376$ 


60 




1 


89040 


89643 


90225 


90787 


9132b 


91849 


92851 


92834 


93299 


93746 


50 






a 


89030 


89633 


90216 


90777 


91310 


91840 


92S43 


92826 


93291 


93738 


68 






t 


89020 


89624 


90206 


90768 


91310 


91832 


92334 


92818 


93284 


93731 
93724 


67 






4 


89009 


89614 


90197 


90759 


91301 


91823 


92326 


92810 


93276 


66 




6 


4.88099 


8d604 


90187 


90750 


91292 


91815 


9231h 


92803 


93269 


93717 


55 




6 


88089 


89694 


90178 


90741 


91283 


91806 


92S10 


92796 


93261 


93709 


54 






r 


88978 


89684 


90168 


00731 


91274 


91798 


92302 


92787 


93263 


93702 


63 






8 


88968 


89874 


00169 


90722 


912C6 


91789 


92298 


92779 


93246 


93696 


52 






9 


88968 


89564 


90149 


90713 


91267 


91781 


92285 


92771 


03238 


93687 


61 




10 


4.88948 


89564 


90139 


00704 


91248 


91772 


92277 


92763 


93230 


93680 


60 




11 


88937 


89644 


90130 


90694 


91239 


91763 


92269 


92756 


93223 


93673 


49 






12 


88927 


89634 


90120 


90686 


91230 


91755 


92260 


92747 


93216 


93666 


48 






IS 


88917 


89624 


90111 


90676 


91221 


91746 


92262 


92739 


93207 


93668 


47 






14 


88906 


80614 


90101 


90667 


91212 


91738 


92244 


92731 


93200 


93660 


46 




15 


4.88896 


80604 


00091 


90667 


91203 


91729 


92236 


92728 


03192 


93643 


45 




16 


88886 


89496 


90082 


90648 


91194 


91720 


92227 


92716 


03184 


93636 


44 






IT 


88876 


89486 


90072 


90639 


91186 


91712 


92219 


92707 


03177 


93628 


43 






18 


88866 


89476 


90063 


90630 


91176 


91703 


92211 


92699 


93169 


93621 


42 






19 


88856 


80465 


90053 


90620 


91167 


91696 


92202 


92691 


93161 


93614 


41 




20 


4.88844 


89456 


90043 


90611 


91158 


91686 


92194 


92688 


93164 


93606 


40 




21 


88834 


89445 


90034 


90602 


91149 


91677 


92186 


92676 


93146 


93699 


39 






22 


88824 


89425 


90024 


90592 


91141 


91669 


92177 


92667 


9313S 


93691 


38 






2S 


88813 


S9425 


90014 


90683 


91132 


91660 


92169 


92669 


93131 


93684 


87 






24 


88803 


89415 


90005 


90674 


91123 


91651 


92161 


92661 


93123 


93577 


86 




25 


4.88793 


89405 


89995 


906G5 


91114 


91643 


92162 


92643 


93116 


93669 


35 




26 


88762 


89396 


89985 


90655 


91105 


91634 


92144 


92636 


93108 


93662 


34 






27 


88n2 


89385 


89976 


90646 


91006 


91625 


92136 


92627 


93100 


93654 


SS 






28 


8876] 


89376 


89966 


90637 


91087 


91617 


92127 


02619 


93092 


03547 


82 






29 


88761 


89364 


89956 


99627 


91078 


91608 


92119 


92611 


93064 


03689 


31 




SO 


4.88741 


89364 


89947 


90618 


91069 


91699 


92111 


9260S 


03077 


93632 


30 




SI 


88780 


89344 


89937 


90609 


91060 


91691 


92102 


92696 


93069 


93526 


29 






S2 


88720 


89334 


89927 


90499 


91051 


91582 


92094 


92687 


93061 


93617 


28 






SS 


, 88709 


89324 


89918 


90490 


91042 


91673 


92080 


92679 


93063 


98610 


27 






S4 


88699 
4.88688 


89314 


89908 


90480 


91033 


91565 


92077 


92571 


93046 


93502 


26 
25 




S6 


89304 


89898 


90471 


91023 


91556 


92069 


92563 


93038 


93495 




86 


88678 


89294 


89888 


90462 


91014 


91547 


92060 


92666 


93030 


93487 


24 






S7 


88668 


89284 


89879 


90462 


90905 


91588 


92062 


92546 


98022 


93480 


23 






S8 


88667 


89274 


89869 


90443 


90996 


91630 


92044 


92638 


93014 


93472 


22 






S9 


88647 


89264 


89859 


90484 


90987 


91621 


92035 


92530 


98007 


93465 


21 




40 


4.88686 


89264 


89849 


904fi4 


90978 


91612 


92027 


92622 


02999 


93467 


20 




41 


88626 


89244 


89840 


90416 


90969 


91504 


92018 


92614 


92991 


93460 


19 






42 


88616 


89233 


89830 


90406 


90960 


91495 


92010 


92606 


92983 


98442 


18 


' 




4a 


88606 


89223 


89820 


90896 


90961 


91486 


02002 


02498 


92976 


98485 


17 






44 


88594 


89213 


89810 


90886 


90942 


91477 


01903 


02490 


92968 


98427 


16 


' 


45 


4.88584 


89203 


89801 


99377 


90933 


91469 


91986 


92482 


92960 


93420 


16 




.46 


88573 


89193 


89791 


90S68 


90924 


91460 


91976 


92473 


92962 


98412 


14 






47 


88563 


89183 


89781 


90358 


90915 


91451 


91968 


92465 


92944 


98405 


Id 






48 


88562 


89173 


89771 


90349 


00906 


91442 


91969 


92467 


92936 


93897 


12 






40 


88542 
4.88631 


89162 


89761 


90339 


00896 


91433 


91961 


02449 


92929 


93890 


11 




60 


89162 


89762 


90880 


90887 


91426 


91942 


92441 


92921 


93382 


10 




61 


88521 


89142 


89742 


90320 


90878 


91416 


91934 


92433 


92913 


93376 


9 






62 


88510 


89132 


89782 


90311 


90869 


91407 


91925 


92425 


92906 


98867 


8 






US 


88499 


89122 


89722 


90301 


90860 


91398 


91917 


92416 


02897 


M860 


7 






54 


88189 


89112 


89712 


90292 


90861 


91389 


91908 


92408 


92889 


03862 


6 




55 


4.88478 


89101 


8970^ 


90282 


90842 


91381 


91900 


02400 


92881 


03344 


6 




56 


88468 


89091 


89693 


90273 


90832 


91372 


91891 


02392 


92874 


93387 


4 






57 


88467 


89081 


89683 


90263 


90823 


91363 


91883 


92884 


92866 


93829 


8 






5P 


88447 


89071 


89673 


90264 


90814 


01364 


91874 


92376 


92868 


93322 


2 






90 


88436 


89060 


89663 


90244 


90805 


91346 


91866 


92367 


92860 


93314 


1 






60 


88426 


89060 


89663 


90286 


90706 


91S36 


91867 


92S69 
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M. 
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27 
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4.94182 


94593 


94988 


95366 


95728 


96073 


96403 


96717 


97016 


9729£ 




1 


94175 


94587 


94982 


95360 


95722 


96067 


96397 


96711 


97010 


97294 


69 






2 


94168 


94580 


94975 


95354 


95716 


96062 


96392 


96706 


97006 


97289 


68 






3 


94161 


94573 


94969 


9.'^848 


95710 


96056 


96387 


96701 


97001 


07^ 


67 






4 


94154 


94567 


94962 


95341 


95704 


96050 


96381 


96696 


96096 


97280 


66 




ft 


4.94147 


94560 


94956 


95335 


95698 


96045 


96376 


96691 


96991 


97276 


66 




6 


94140 


94553 


94949 


95329 


95692 


96039 


96870 


96686 


96986 


97271 


64 


■ 




7 


94138 


94546 


94943 


95323 


95686 


96034 


96865 


96681 


90961 


97266 


68 






8 


9412G 


94540 


94936 


95317 


96680 


96028 


96860 


96676 


96076 


97262 


62 






9 


94119 


94533 


94930 


95310 


96674 


96022 


90854 


96670 


96971 


97257 


61 




10 


4.94112 


94526 


94923 


95304 


95668 


96017 


96349 


96666 


96966 


97252 


60 




11 


04105 


94510 


94917 


95298 


96663 


96011 


96348 


96660 


96962 


97248 


40 






12 


94098 


94513 


94911 


95292 


95657 


96005 


96888 


96655 


96957 


97243 


48 






IS 


94090 


94506 


94904 


95286 


95651 


96000 


96338 


96650 


96952 


97238 


47 






14 


94083 


94499 


94898 


95279 


95645 


96994 


96827 


96645 


96947 


97234 


46 




15 


4.94070 


94492 


94891 


95273 


95039 


95988 


96822 


96640 


96942 


97229 


46 




16 


^4069 


94485 


94884 


95267 


95633 


95982 


96316 


96634 


96937 


97224 


44 






IT 


94062 


94479 


94878 


95261 


95627 


95977 


96811 


96629 


96932 


97220 


43 






18 


94055 


94472 


94871 


95254 


95621 


96971 


96305 


96624 


96927 


97215 


49 






19 


94048 


94465 


94865 


95248 


95615 


95966 


96300 


96619 


96922 


97210 


41 




20 


4.94041 


94458 


94858 


95242 


96609 


95960 


96294 


96614 


96917 


97206 


M 




21 


94034 


94451 


94852 


95236 


95603 


95954 


96289 


96608 


96912 


97201 


89 






22 


94027 


94445 


94845 


95229 


95597 


95948 


96284 


96608 


96907 


97196 


88 






2S 


94020 


94438 


94839 


95223 


95591 


95942 


96278 


96698 


96908 


97192 


87 






24 


94012 


94431 


94832 


95217 


95585 


96987 


96273 


96693 


96898 


97187 


86 




25 


4.94005 


94424 


94826 


95211 


95679 


95931 


96267 


96588 


96893 


97182 


86 




26 


93998 


94417 


94819 


95204 


95573 


95925 


96262 


96682 


96888 


97178 


84 






27 


93991 


94410 


94813 


9519B 


95567 


95920 


96256 


96577 


96883 


97173 


88 






28 


93984 


94404 


94806 


95192 


95561 


95914 


96251 


96572 


96^8 


97168 


82 






29 


93977 


94397 


94799 


95185 


95555 


95908 


96245 


96567 


96873 


97163 


81 




30 


4.93970 


94390 


94793 


95179 


95549 


95902 


96240 


96562 


96868 


97159 


80 




31 


93963 


94383 


94786 


95173 


05543 


95897 


96234 


96556 


96863 


97164 


29 






32 


93955 


94376 


94780 


95167 


95537 


95891 


96220 


96551 


96858 


97149 


26 






33 


93948 


94369 


94773 


95160 


95631 


k 96885 


96223 


96646 


96853 


97145 


27 






34 


93941 


94362 


94767 


95154 


95525 


95879 


96218 


96641 


96848 


97140 


26 




35 


4.93934 


94355 


94760 


95148 


95519 


95873 


96212 


96635 


96843 


97135 


26 




36 


93927 


94349 


94753 


95141 


95513 


95868 


96207 


96630 


96888 


97180 


24 






37 


93920 


94342 


94747 


95135 


95507 


95862 


96201 


96625 


96838 


97126 


28 






88 


93912 


94335 


94740 


95129 


95600 


95856 


96196 


96520 


96828 


97121 


22 






39 


93905 


94328 


94784 


95122 


95494 


95860 


96190 


96614 


96823 


97116 


21 




40 


4.93898 


94321 


94727 


95116 


95188 


95844 


96185 


96509 


96818 


97111 


20 




41 


93891 


94314 


94720 


95110 


95482 


95839 


96179 


96504 


96813 


97107 


19 






42 


93884 


94307 


94714 


95103 


95476 


95833 


96174 


96498 


96808 


97102 


18 






43 


93876 


94300 


94707 


95097 


95470 


95827 


96168 


96493 


96803 


97007 


17 


■ 




44 


93869 


94293 


94700 


95090 


95464 


96821 


96162 


96488 


96798 


97092 


16 




46 


4.93862 


94286 


94604 


95084 


96458 


96815 


96167 


96483 


96793 


97087 


16 




46 


93855 


94279 


94687 


95078 


95452 


95810 


96151 


96477 


96788 


97083 


14 






47 


93847 


94273 


94680 


95071 


95446 


95804 


96146 


96472 


96788 


97678 


18 






48 


93840 


94266 


94674 


95065 


95440 


95798 


96140 


96467 


96778 


97073 


12 






49 


93833 


94259 


94667 


95059 


95434 


95792 


96135 


96461 


96772 


97068 


I] 




50 


4.93826 


94252 


94660 


95052 


95427 


96786 


96129 


96456 


96767 


97063 


10 




51 


93819 


94245 


94654 


95046 


95421 


96780 


96123 


96451 


96762 


97059 


9 






52 


93811 


94238 


94647 


95039 


95415 


96775 


96118 


96445 


96757 


97054 


8 






53 


93804 


94231 


94640 


95033 


96409 


96769 


96112 


96440 


96752 


97049 


7 






54 


93797 


94224 


94634 


95027 


95403 


95763 


96107 


96435 


96747 


97044 


6 




55 


4.93789 


94217 


94627 


95020 


95397 


96757 


96101 


96429 


96742 


97039 


6 




56 


93782 


94210 


94620 


95014 


95391 


95751 


96095 


96424. 


96737 


97035 


4 






57 


93775 


94203 


94614 


05007 


95384 


96745 


96090 


96419 


96732 


97030 


8 






68 


93768 


94196 


94607 


95001 


9537e> 


95739 


96084 


96413 


96727 


9702^ 


2 






59 


93760 


94189 


94600 


94995 


95872 


95738 


96079 


96408 


96722 


97020 


1 






60 


93763 


94182 


94593 


94988 


95866 


95728 


96073 


96403 


96717 


97015 









60° 


61® 


62^ 


630 


64° 


65° 


60O 


670 


68° 


69© 


M. 


Drr^KKSMcv. 






— 1 



84 


TABLE XII. 










LodARiYHMO of Ihe Half Sum and DtirtKiciircir.' 

* 








- 


MALW 


•VK. 










u 


u 


o 


• o 

















' 6 




M. 


19 


18 


17 


16 


t5 


14 


13 


12 

99040 


11 


10 









4.97567 


'97821 


98060 


98284 


08404 


08690 


98872 


99196 


00335 


60 




1 


97663 


97817 


08056 


08281 


98401 


08687 


98869 


90036 


99192 


00333 


59 






S 


Q7668 


97812 


08052 


08277 


08488 


08684 


98867 


90036 


99190 


00331 


68 






t 


97664 


97808 


08048 


08273 


08484 


08681 


98864 


99032 


99187 


09328 


57 






4 


97650 


97804 


08044 


08270 


08481 


08678 


98861 


99030 


99186 


00326 


56 




4 


4.97646 


97800 


08040 


08266 


08477 


08676 


98858 


99027 


99182 


99324 


55 




, e 


07541 


97796 


08036 


08268 


08474 


08671 


98856 


99024 


99180 


99322 


64 


• 




T 


97636 


97798 


00038 


08860 


06471 


08668 


98852 


99022 


00177 


99319 


53 






8 


97638 


9T788 


00020 


08856 


06467 


06665 


98849 


99019 


00176 


99317 


52 






9 


97588 


97784 


00026 


08851 


06464 


08662 


98846 


90016 


09172 


99316 


51 




1)9 


4.97623 


97779 


06021 


06848 


08460 


08650 


96843 


9001S 


00170 


99313 


.50 


4 


11 


97619 


97776 


06017 


08844 


06457 


06656 


98840 


00011 


00167 


99310 


40 






IS 


97616 


97771 


06013 


06840 


06463 


06658 


08637 


00008 


00165 


00308 


48 






U 


97610 


97767 


98000 


06837 


06460 


06640 


08834 


99005 


00162 


00306 


47 






14 


97606 


97763 


06006 


06833 


06447 


06646 


08831 


00002 


00160 


99304 


46 




U 


4.97601 


97759 


06001 


06820 


08443 


06643 


06828 


00000 


00157 


00301 


46 




le 


97497 


97754 


97007 


06826 


08440 


06640 


08885 


08007 


00155 


99299 


44 






IT 


97498 


97760 


97903 


96828 


98436 


06636 


06622 


06094 


00152 


99297 


43 






18 


97468 


97746 


97969 


06818 


96433 


06633 


08810 


06991 


09160 


99294 


42 






19 


97484 


9n42 


97966 


08815 


98429 


06630 


06816 


96980 


00147 


99292 


41 


t 


SO 


4.97479 


97738 


97968 


96811 


96426 


06627 


08813 


98986 


00145 


99290 


40 




SI 


97476 


97734 


97078 


96807 


98422 


06623 


98810 


96063 


00142 


99288 


30 






ss 


974T0 


97720 


97974 


08804 


06410 


08620 


98607 


VowOw 


00140 


00285 


38 






S3 


97466 


97726 


97970 


08800 


06416 


06617 


08604 


08078 


00137 


09283 


37 






Si 


97461 


97781 


07066 


08106 


06418 


06614 


08801 


08076 


09135 


99281 


36 




Sft. 


4«97467 


97717 


97968 


98198 


96400 


06610 


06706 


08078 


00132 


99278 


35 




S6 


. 97463 


97713 


97968 


98189 


06406 


06607 


08795 


06060 


00130 


99276 


34 






S7 


97448 


97708 


97954 


06186 


06408 


08604 


98792 


06067 


09187 


99274 


83 






sa 


07444 


97704 


97960 


08181 


06308 


06601 


98789 


98964 


99184 


99271 


32 






S9 


97439 


97700 


97946 
97948 


08177 


08305 


08507 


98786 


96961 


99122 


99869 


31 




so 


4.07436 


97606 


98174 


08391 


08604 


08783 


96968 


99119 


99267 


30 




SI 


97480 


97691 


97088 


98170 


06388 


08501 


98780 


96956 


99117 


90264 


29 






ss 


07486 


97687 


97934 


98166 


96384 


08688 


08777 


98953 


99114 


00862 


26 






ss 


97481 


97683 


97930 


98168 


96361 


08684 


98774 


98950 


99112 


00260 


27 






S4 


97417 


97^0 


07926 


96159 


96377 


08581 


98771 


98947 


99100 


09257 


86 


1 
' 


S6 


4.97418 


97674 


97988 


96166 


96373 


96678 


98768 


98944 


09106 


99265 


25 




S8 


97408 


97670 


97918 


96161 


96370 


96674 


06765 


96941 


00104 


99252 


24 






S7 


07403 


97666 


97914 


96147 


06366 


98671 


08762 


clcf!l38 


00101 


99860 


23 






S8 


. 91^09 


97668 


97910 


96144 


06363 


98668 


98750 


98936 


00000 


09848 


tt 






S9 


07S94 


97667 


97906 


96140 


06360 


98665 


06766 


«W93S 


00006 


00245 


81 




40 


4.07390 


97663 


07008 


08136 


08366 


98661 


98753 


98!»0 


09093 


00243 


20 




41 


07SB6 


97649 


97808 


08138 


06358 


98658 


98760 


08027 


99001 


00241 


19 






48 


07S81 


97646 


97894 


98189 


06340 


98656 


08746 


08024 


00068 


00888 


18 






4S 


97S76 


97640 


97600 


98185 


06345 


98651 


06743 


08921 


wvov 


00836 


17 






44 


97378 


07686 


07866 


98181 


06348 


96648 


06740 


98919 


Vilv09 


09233 


f6 




4« 


4.97367 


9763S 


07668 


98117 


96338 


98646 


06737 


96916 


00060 


99831 


15 




40 


97S63 


97«i7 


07678 


96113 


06334 


98541 


06734 


96913 


00078 


99829 


14 






47 


97368 


07623 


07674 


08110 


06331 


98538 


08731 


96010 


00676 


99226 


13 






48 


97363 


07619 


07670 


08106 


98327 


96635 


06728 


06007 


00672 


99824 


18 






40 


97340 


97616 


07866 


08102 


08324 


98531 


06725 


06004 


99070 


99821 


11 

10 




60 


4.97344 


07610 


07861 


08008 


08320 


98528 


06722 


08901 


99067 


99219 




«1 


97340 


97606 


07657 


08004 


98317 


96525 


06710 


96898 


99064 


99217 


9 






52 


97336 


97608 


07663 


08000 


98313 


98521 


06715 


98896 


99062 


99214 


6 






63 


9Jm 


07697 


07640 


08067 


98300 


98518 


96712 


98893 


90069 


99212 


7 






64 


97886 


07693 


07646 


08663 


98306 


98515 


98700 


98690 


00066 


90209 


6 




66 


4.97382» 


97689 


07841 


98079 


98302 


98611 


9870C 


98887 


99054 


90207 


6 




66 


97317 


97684 


07«)7 


08075 


98290 


98608 


98703 


98884 


99051 


99804 


4 






67 


97312 


97680 


97833 


08071 


98295 


98605 


98700 


98881 


00048 


99202 


3 






66 


97S08 


97676 


07820 


08067 


08201 


98501 


98697 


98678 


99046 


90800 


8 






69 


07303 


97671 


07825 


0806S 


98288 


08408 


98694 


98875 


99043 


90197 


1 






«0 


97290 


076671 


07821 


06060 


98284 


08494 


98600 


98872 
770 


99040 


09195 









70^ 


71° 


72^ 


730 


740 


750 


76© 


' 78° 


79<^ 


M. 




DfrVBB 


RUCK. 


















^MHMa 


~ 







TABLE XIV. «5 1 




LooARXTHMS of the MooK*s HORIZOV^AI. Parai^xa*, 


'■ 




s. 


moon's horizontal parallax. 






53 


54 


55 


56 


1 
67 


68 


69 


1 
60 


at 







0.0710 


0.0629 


0.0549 


0.0471 


0.0394 


0.0318 


0.0244 


0.0171 


0.0099 





1 


• 


1 


0709 


0627 


0548 


047C 


0393 


0317 


0243 


0170 


0098 


I 


t 




2 


0707 


0626 


0546 


0468 


0391 


0316 


0242 


0169 


0007 


2 


, 




8 


0706 


0625 


0545 


0467 


0390 


0315 


0241 


0168 


0096 


8 






4 


0704 


0623 


0544 


0466 


0389 
0.0388 


0313 


0239 


0166 


0095 


4 


" 


5 


0.0703 


0.0622 


0.0542 


0.0464 


0.0812 


0.0238 


0.0165 


0.0098 


i ^ 




6 


0702 


0621 


0541 


0463 


0386 


0311 


0237 


0164 


0092 


' • 






7 


0700 


0619 


0540 


0462 


0385 


0310 


0236 


0163 


0091 


7 






8 


0699 


0618 


0539 


0460 


0384 


0308 


0234 


0162 


0090 


6 


- 




9 


0698 


0617 


0537 


0450 


0383 


0307 


0233 


0160 


0089 


9 




10 


0.0696 


0.0615 


0.0536 


0.0458 


0.0381 


0.0306 


0.0282 


0.0159 


0.0088 


10 




11 


0695 


0614 


0535 


0457 


0380 


0305 


0231 


0158 


0086 


11 






12 


0694 


0613 


0533 


0455 


0379 


0303 


0230 


0157 


0086 


12 






13 


0692 


0611 


0532 


0454 


0377 


0302 


0228 


0156 


0084 


18 






14 


0691 
0.0690 


0610 


0531 


0453 


0376 


0301 


0227 


Q154 


0083 


14 




15 


0.0609 


0.0529 


0.0451 


0.0375 


0.0300 


0.0226 


0.0153 


0.0082 


16 




16 


0688 


0607 


0528 


045G 


0374 


0299 


0225 


0152 


0080 


16 






17 


0687 


0606 


0527 


0449 


0372 


0297 


0223 


0151 


0079 


IT 






id 


0685 


0605 


0525 


0448 


0371 


0296 


0222 


0150 


0078 


18 






19 


0684 


0603 
0.0602 


0524 


0446 


0370 


0295 


0221 


0148 


0077 


19 


• 


20 


0.0683 


0.0523 


0.0445 


0.0369 


0.0294 


0.0220 


0.0147 


0.0076 


20 




21 


0681 


0601 


0522 


0444 


0367 


0292 


0219 


0146 


0075 


21 






22 


0680 


0599 


0520 


0442 


0366 


0291 


0217 


0145 


0078 


22 






23 


0678 


0598 


0519 


0441 


0365 


0290 


0216 


0144 


0072 


28 






24 


0677 


0597 


0518 


0440 


0364 


0289 


0215 


0142 


0071 


24 


f 


25 


0.0676 


0.0595 


a. 0510 


0.043U 


0.0362 


0.0287 


0.0214 


0.0141 


0.0070 


26 




26 


0674 


0594 


0515 


0437 


0361 


0286 


0212 


0140 


0069 


26 






27 


0673 


0593 


0514 


0436 


0860 


0285 


0211 


0139 


0068 


27 






28 


0672 


0591 


0612 


0435 


0359 


0284 


0210 


0138 


0066 


28 






29 


0670 


0690 


0511 


0433 


0357 


0282 


0209 


0136 


0066 


29 




30 


0.0669 


0.0689 


0.0510 


0.0432 


0.0356 


0.0281 


0.0208 


0.0135 


0.0064 


80 




31 


0668 


0587 


0508 


0431 


0355 


0280 


0206 


0134 


0063 


81 






32 


0666 


0586 


^ 0507 


0430 


0353 


0279 


0205 


0133 


0062 


82 




• 


33 


0665 


0585 


0500 


0428 


0352 


0277 


0204 


0132 


0060 


88 






34 


06G4 


0583 


0505 


0427 


0351 


0276 


0203 


0130 


0069 


84 




85 


0.0662 


0.0582 


0.0503 


0.0426 


0.0350 


0.0275 


0.0201 


0.0129 


0.0058 


. ^ 




36 


0661 


0581 


0502 


0425 


0349 


0274 


0200 


0128 


0057 


80 






87 


0660 


0579 


0501 


0423 


0347 


0273 


0199 


0127 


0056 


87 






88 


0658 


0578 


0499 


0422 


0346 


0271 


0198 


0126 


0056 


88 


' 




89 


0657 


0577 


0498 


0421 


0345 


0270 


0197 


0124 


0068 


89 




40 


0.0655 


0.0575 


0.0497 


0.0419 


0.0348 


0.0269 


0.0195 


0.0123 


0.0062 


40 




41 


0654 


0574 


0495 


0418 


0342 


0268 


0194 


0122 


0051 


41 






42 


0653 


0573 


0494 


0417 


0341 


0266 


0193 


0121 


0050 


42 






43 


0651 


0571 


0493 


0416 


0340 


0265 


0192 


0120 


0049 


48 






44 


0650 


0570 


0492 


0414 


0338 


0264 


0191 


0118 


0048 


44 


' 


45 


0.0649 


0.0569 


0.0490 


0.0413 


0.0337 


0.0263 


0.0189 


0.0117 


0.0046 


• 46 




46 


0648 


0568 


0489 


0412 


0336 


0261 


0188 


0116 


O045 


46 


■ 




47 


0646 


0566 


0188 


0411 


0335 


0260 


0187 


0115 


0044 


47 






48 


0645 


0565 


0486 


0409 


0333 


0259 


0186 


01l4 


0043 


48 






49 


0644 


0564 


0486 


0408 


0332 


0258 


0185 


0112 


0042 


49 




50 


0.0642 


0.0562 


0.0484 


0.0407 


0.0331 


0.0256 


0.0183 


O.Olll 


0.0040 


'60 




51 


0641 


0561 


0482 


0405 


0330 


0255 


0182 


0110 


0039 


51 






52 


0689 


0560 


04^ 


0404 


0828 


0254 


0181 


0109 


0088 


62 






58 


0638 


0558 


0480 


0403 


0827 


0253 


0179 


0108 


0087 


68 






54 


0637 


0557 


0479 
0.0477 


0402 


0326 


0262 


0178 


0107 


0086 


64 




55 


0.#685 


0.0556 


0.0400 


0.0825 


0.0250 


0.0177 


0.01196 


0.0035 


56 


, 


56 


0634 


0554 


0476 


0899 


0328 


0249 


0176 


0104 


0083 


66 






57 


0633 


0553 


0475 


0898 


0822 


0248 


0176 


0103 


0032 


67 






58 


0681 


0552 


0478 


0896 


0821 


0247 


0174 


0102 


0081 


68 




■ • 


59 


0630 


0550 


0472 


0396 


0320 


0246 


0172 


0101 


0080 


69 




S. 


58' 1 


64' 


66' 


66* 1 67' 1 68' 


59'. 


60* 


61' 


8. 


1 









/ 



3^ 


TABLE XV. 






L00A11ITHM3 6f the APPARltf T AtTtTUDBS. 






APPARKNT ALTITUDES. 






O 


6 


6 























o* 









M. 


6 


6 


7 


8 





10 


11 


12 


13 


14 


15 
0470 


16 


M. 







1.5197 


4408 


3741 


8164 


2657 


2203 


1794 


1421 


10791 0763 


1.0197 







1 


5183 


4396 


3731 


3155 


2649 


2196 


1788 


1415 


1074 


0758 


0465 


0192 


1 




2 


5168 


4384 


3721 


3147 


2641 


2189|- 1781 


1409 


1068| 0758 


0461 


0188 


2 




S 


5154 


4372 


3710 


8188 


2683 


2182 


1775 


1408 


1063 


0748 


0456 


0183 


8 




4 


5140 


4360 


3700 


8129 


2625 


2175 


1768 


130^ 


1057 


0743 


0451 0179 


4 




6 


1.512) 


4348 


3690 


8120 


2617 


2168 


1762 


1892 


10521 0738 


0447 1 .0176 


5 




6 


5111 


4336 


3680 


8111 


2609 


2161 


1755 


1886 


1046 


0783 


0442 


0170 


6 




7 


5097 


4324 


3670 


8102 


2601 


2153 


1749 


1880 


1041 


0728 


0487 


01661 7 1 




8 


5083 


4313 


3660 


8093 


9593 


2146 


1742 


1874 


1036 


0723 


0488 


0162 


8 




9 


5069 


4301 


3649 


8084 


2585 


2189 


1786 


1368 


1030 


0718 


0428 


0157 







10 


I « 6055 


4289 


3639 


8075 


2578 


2182 


1730 


1862 


1025 


0718 


0428 


1.0158 


10 




11 


6041 


4277 


3629 


8067 


2570 


2125 


1728 


1856 


1019 


0708 


0418 


0148 


11 




12 


5027 


4268 


3619 


8058 


2662 


2118 


1717 


1350 


1014 


0703 


0414 


0144 


12 




13 


5013 


4254 


3609 


8049 


2554 


2111 


1710 


1345 


1009 


0608 


0409 


0140 


18 




14 


4999 


4243 


3599 
3589 


3040 


2546 


2104 


1704 


1339 


1008 


0603 


0405 


0135 


14 




15 


1.4986 


4231 


8032 


2539 


2007 


1698 


1833 


0998 


0688 


0400 


1.0131 


15 




16 


4972 


4220 


3580 


3023 


2531 


2000 


1691 


1327 


0992 


0683 


0805 


0127 


16 




17 


4958 


4208 


3570 


8014 


%23 


2083 


1685 


1321 


0987 


0678 


0801 


0122 


17 




18 


4946 


4197 


3560 


8006 


2515 


2076 


1679 


1316 


0982 


0673 


0386 


0118 


18 




19 


. 4i^l 


4185 


3550 


2997 


2608 


2069 


1672 


1310 


0976 


0668 


0381 


0114 


10 




20 


1.4918 


4174 


3540 


2988 


2500 


2062 


1666 


1304 


0971 


0663 


0877 


1.0100 


20 




21 


4904 


4162 


3530 


2980 


2492 


2055 


1660 


1298 


0966 


0658 


0372 


0105 


21 




22 


4891 


4151 


3520 


2971 


2485 


2049 


1658 


1292 


0960 


0653 


0368 


0101 


82 




23 


4877 


4140 


3511 


2963 


2477 


2042 1647 


1287 


0956 


0648 


0368 


0007 


23 




24 


4864 


4128 


3501 


2954 


2469 


2035 


1641 
1636 


1281 


0950 


0643 


0358 


0002 


24 




25 


1.4850 


4117 


3491 


2945 


2462 


2028 


1275 


0945 


0638 


0354 


l.OOsM 25 1 




26 


4837 


4106 


3482 


2937 


2454 


2021 


1628 


1269 


0939 


0634 


0340 


0084 


26 




27 


4824 


4095 


3472 


2928 


2447 


2014 


1622 


1264 


0934 


0C20 


0345 


0070 


27 




28 


4811 


4084 


3462 


2920 


2439 


2007 


1616 


1258 


0929 


0624 


0340 


0075 


28 




29 


4797 


4073 


3453 


2911 


2431 


2000 


1610 


1252 


0923 


0610 


0336 


0071 


20 




30 


1.4784 


4061 


3443 


2903 


2424 


1994 


1604 


1247 


0918 


0614 


0331 


1.0067 


80 




81 


4771 


4050 


3433 


2894 


2416 


1987 


1607 


1241 


0913 


0609 


0326 


0062 


81 




32 


4756 


4039 


8424 


2886 


2409 


1980 


1501 


1235 


0008 


0604 


0822 


0058 


82 




33 


4746 


4028 


8414 


2878 


2401 


1973 


1586 


1230 


0002 


0599 


0817 


0054 


88 




34 


4732 


4017 

4006 


3406 


2869 


2394 


1966 


1570 


1224 


0807 
0802 


0595 
0590 


0313 


0050 


84 




35 


1. 471^9 


3396 


2861 


2386 


1960 


1573 


1218 


0308 


1.0045 


85 




36 


4706 


3995 


3366 


2853 


2379 


1953 


1566 


1213 


0887 


0585 


0304 


0041 


86 




37 


4693 


3984 


3376 


2844 


2371 


1946 


1560 


1207 


0881 


0580 


0200 


0037 


87 




38 


4681 


3974 


3367 


2836 


2364 


1939 


1554 


1201 


0876 


0575 


0205 


0033 


88 




30 


4668 


3963 


8358 


2828 


2357 


1933 


1548 


1196 


0871 


0570 


0200 
0286 


0028 


80 




40 


1.4656 


3952 


8348 


2819 


2349 


1926 


1542 


1190 


0866 


0565 


1.0024 


40 




41 


4642 


3941 


3339 


2811 


2342 


1919 


1636 


1184 


0861 


0561 


0281 


0020 


41 




42 


4630 


3930 


3329 


2803 


2334 


1913 


1580 


1179 


0855 


0556 


0277 


0016 


42 




43 


4617 


3920 


3320 


2704 


2327 


1906 


1523 


1173 


0850 


D551 


0272 


0012 


43 




44 


4604 


3909 


3311 


2786 


2320 


1899 


1517 
1511 


1168 


0845 


0546 


0268 


0007 


44 




45 


1.4592 


3898 


3301 


2778 


2312 


1893 


1162 


0840 


0541 


0263 


1.0003 


45 




46 


4579 


3888 


8292 


2770 


2305 


1886 


1505 


1156 


0835 


0537 


0250 


0.9999 


46 




47 


4567 


3877 


3283 


2762 


2297 


1879 


1490 


1151 


0830 


0532 


0254 


999S 


47 




48 


4554 


3866 


3274 


2753 


2290 


1873 


1493 


1145 


0825 


0527 


0250 


0091 


48 




49 


4542 
1.4530 


3856 


3264 


2745 


2283 


1866 


1487 


1146 


0819 


0522 


0245 


0086 


40 




50 


3845 


3255 


2737 


2276 


1860 


14bl 


1134 


0814 


0517 


0241 


0.OO82 


50 




51 


4517 


3835 


3246 


2729 


2268 


1853 


1475 


1120 


0S09 


0513 


0236 


9078 


61 




62 


4505 


3824 


3237 


2721 


2261 


1846 


1469 


1123 


0804 


0508 


0232 


0074 


62 




53 


4493 


3814 


3228 


2713 


2254 


1840 


1463 


1118 


0799 


0503 


0228 


0070 


53 




54 


4480 


3803 


3219 


27^ 


2247 


1833 


1467 


1112 


0794 


0498 


0223 


0066 


64 




65 


1.4468 


3793 


3210 


2697 


2239 


1827 


1451 


1107 


0789 


0494 


0210 


0.0061 


65 




56 


4456 


3782 


3201 


2689 


223^ 


1820 


1445 


iioi 


0784 


0489 


0214 


0057 


56 




67 


4444 


3772 


3191 


2681 


2225 


1814 


1439 


1096 


0778 


0484 


0210 


0053 


67 




58 


4432 


376^ 


3182 


2673 


2218 


1807 


1433 


1000 


0773 


0479 


0205 


0049 


58 




59 


4420 


3761 


3173 


2665 


2210 


1801 


1427 


1085 


0768 


0475 


0201 


0945 


50 




M. 


60 


6° 


70 


80 


90 


lOO 


11^ 


120 


130 


14° 


150 


169 


M. 




APPARENT ALTITU 
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TABLE XV. 
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LdOARtTHifs of the Apparent Altitvb^s. 














APPARENT ALTITUDES. 











o 


O 


o 


o 


O 


o 





















M. 


IT 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


18 


M. 









0.9941 


9700 


9474 


9259 


9057 


8»64 


8681 


8507 


8341 


8182 


8030 


7884 









1 


9937 


9696 


9470 


9256 


9058 


8861 


8678 


8504 


8338 


8179 


8027 


7882 


1 








2 


9932 


9692 


9466 


9253 


9050 


8858 


8675 


8501 


8335 


8176 


8026 


7879 


2 








8 


9928 


9689 


9463 


9249 


9047 


8865 


8672 


8498 


8332 


8174 


8022 


7877 


8 








4 


9924 


9685 


9459 


9246 
9242 


9044 


8852 


8669 


8496 


8880 


8171 


8020 


7874 


4 






6 


0.9920 


9681 


9455 


9040 


8849 


8666 


8493 


8827 


8169 


8017 


7872 


6 






6 


9916 


9677 


9462 


9289 


9087 


8846 


8663 


8490 


8824 


8166 


8016 


7870 


6 








7 


9912 


9678 


9448 


9236 


9084 


8842 


8660 


8487 


8822 


8168 


8012 


7867 


7 








8 


9908 


9669 


9444 


9232 


9080 


8889 


8657 


8484 


8819 


8161 


8010 


7865 


8 








9 


9904 


9665 


9441 


9228 


9027 


8880 


8656 


8481 


8816 


8158 


8007 


7868 


9 






10 


0.9900 


9661 


9437 


9225 


9024 


8833 


8652 


8479 


8314 


8156 


8005 


7860 


10 






a 


9895 


9658 


9483 


9221 


0021 


8830 


8649 


8476 


8811 


8153 


8002 


7858 


11 








12 


9891 


9664 


9430 


9218 


9017 


8827 


8646 


8473 


8308 


«161 


8000 


7866 


12 








n 


9887 


9650 


9426 


9215 


9014 


8824 


8643 


8470 


8305 


8148 


7997 


7868 


It 








14 


9883 


9646 


9423 


9211 


9011 


8821 


8640 


8467 


8303 


8146 


7996 


7851 


14 






16 


0.9879 


9642 


9419 


9208 


9008 


8818 


8687 


8465 


8800 


8143 


7993 


7848 


16 






16 


9876 


9638 


9416 


9204 


9004 


8815 


8684 


8462 


8297 


8140 


7990 


7846 


16 








17 


9871 


9635 


9412 


9201 


9001 


8811 


8681 


8459 


8296 


8138 


7988 


7844 


17 








18 


9867 


9631 


9408 


9198 


6998 


8898 


8628 


8456 


8292 


8135 


7985 


7841 


18 








19 


9863 


9627 


9404 


9194 


8995 


8805 


8625 


8463 


8289 


8133 


7968 


7839 


19 






20 


0.9859 


9628 


9401 


9191 


8991 


8802 


8622 


8451 


8287 


8130 


7980 


7837 


20 






21 


9865 


9619 


9897 


9187 


8988 


8799 


8619 


8448 


«284 


8128 


7978 


7834 


21 








22 


9861 


9616 


9394 


9184 


6985 


8796 


8616 


8445 


8281 


8125 


7975 


7832 


22 






• 


23 


9847 


9612 


9890 


9180 


8982 


8798 


8613 


8442 


8279 


8123 


7978 


7880 


28 








21 


9843 


9608 


9887 


9177 


8979 


8790 


8610 


8439 


8276 


8120 


7971 


7827 


24 






25 


0.9839 


9604 


9883 


9174 


8975 


8787 


8608 


8437 


8273 


8117 


7968 


7825 


26 






20 


9835 


9600 


9379 


9170 


8972 


8784 


8605 


8484 


8271 


6115 


7066 


7828 


26 








27 


9831 


P597 


9876 


9167 


6969 


8781 


8002 


8431 


9268 


8112 


7963 


7620 


27 








28 


9827 


9593 


9372 


9164 


6966 


8778 


8599 


8428 


8265 


8110 


7961 


7818 


28 








29 


9823 


9689 


9369 


9160 


8962 


8776 


8596 


8426 


8263 


8107 


7958 


7816 


29 






30 


0.9819 


9686 


9365 


9167 


8969 


8772 


8593 


8423 


8260 


8106 


7956 


7818 


80 






31 


9815 


9681 


9861 


9158 


8966 


8769 


8590 


8420 


8258 


8102 


7964 


T811 


81 








32 


9811 


9678 


9868 


9160 


8968 


8766 


8587 


8417 


8265 


8100 


7951 


7809 


St 








33 


9807 


9674 


9864 


9147 


8960 


8762 


8584 


8414 


^52 


8097 


7949 


7806 


88 








34 


9808 


9670 


9851 


9148 


8946 


8769 


8681 


8412 


8250 


8095 


7946 


7804 


84 






35 


0.9799 


9666 


9347 


9140 


89a 


8766 


^578 


8409 


8247 


8092 


7944 


7802 


86 






36 


9796 


9563 


9344 


9187 


8940 


8763 


8676 


8406 


8244 


8090 


7941 


7799 


86 




1 




37 


9791 


9669 


9840 


9188 


8987 


8760 


8673 


8403 


8242 


8087 


7939 


7797 


87 




. 




38 


9787 


9656 


9887 


9180 


8984 


8747 


8670 


8401 


8239 


8086 


7987 


7796 


88 




( 




39 


9788 
0.ti779 


9551 
9648 


9838 


9126 


8980 


8744 
8741 


8567 


8398 


8286 


8082 


7934 


7792 


to 




f 


40 


9330 


9123 


8927 


8564 


83U6 


8284 


8079 


7932 


7790 


40 






41 


9n5 


9544 


9826 


9120 


8924 


8738 


8561 


8392 


8231 


8077 


7929 


7788 


41 








42 


9771 


9540 


9322 


9116 


8921 


8735 


8558 


8390 


8229 


8074 


7927 


7786 


42 








43 


9767 


9686 


^19 


9113 


8918 


8782 


8566 


8387 


8226 


8072 


7926 


7783 


48 








44 


9763 


9633 


9816 


9110 


8916 


8729 


8553 


8384 


8228 


8069 


7922 


7781 


44 




45 


0.9759 


9529 


9812 


9106 


8911 


8726 


8650 


8381 


8221 


8067 


7920 


7779 


46 






46 


9755 


9525 


9806 


9103 


8908 


8728 


8547 


8379 


8218 


8061 


7917 


7776 


46 








47 


9751 


9522 


9805 


nao 


8906 


8720 


8544 


8876 


8216 


8062 


7916 


2774 


47 


- 






48 


9747 


9618 


9801 


9096 


8902 


8717 


8541 


8873 


8218 


8059 


7913 


n72 


48 








49 


9743 


9514 
9610 


9296 


9098 


8699 


8714 


8588 


8370 


8210 

8208 


8067 


7910 


7769 


40 






50 


0.0739 


9294 


9090 


8896 


8/11 


8585 


836b 


8054 


7908 


T767 


60 






51 


9735 


9507 


9291 


9086 


8892 


8708 


8532 


8866 


8205 


8052 


7905 


T765 


6t 








52 


9731 


9503 


9287 


9083 


8889 


8705 


8530 


8862 


8202 


8049 


7908 


T763 


62 




1 




53 


9727 


9499 


9284 


9080 


8886 


8702 


«527 


8860 


8200 


80 17 


7901 


7760 


68 








54 


9721 


9496 


9280 
9277 


9077 


8883 


8699 


8624 


8357 


8197 


8041 


7898 


775ft 


54 




• 


55 


0.972U 


9492 


9078 


8880 


8696 


8521 


6854 


8196 


8042 


7896 


77.>li 


66 






5C 


9716 


9488 


9278 


0070 


8877 


8693 


d518 


8351 


S192 


8039 


7893 


7758 


66 








57 


9712 


9485 


0270 


9067 


8874 


Si90 


8616 


8349 


SIS9 


8087 


7891 


7751 


67 








58 


9708 


9481 


9206 


9008 


8870 


8687 


8518 


8346 


8187 


8034 


7880 


7749 


68 








59 


9704 


9477 


9263 


9060 

«oo 


8867 


8684 


8610 


8348 


8184 


8032 


7886 


7747 


69 


1 


, 


m. 


J7U 


18<5 


19® 


210 


22^ 


230 


24° 


26° 


26© 


270 


280 


M. 


1 

1 


• 
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TABLE XV. ii 1 






I^ooAJtfTHjiff of tbe Apparent Avtifvut^. 1 








APPARBNT ALTITUDES. 


-VT 


^ 


o 





Q 











o 


o 


o 













M. 


65 


66 


67 


68 
4928 


69 


70 


71 
4848 


72 


78 


^4 


75 


76 


M. 







0.5027 


4998 


4960 


4898 


4870 


4818 


4794 


4772 


4751 


473]^ 







1 


5027 


4992 


4959 


4928 


4898 


4870 


4843 


4818 


4794 


4771 


4750 


4731 

4736 


1 , 






2 


5026 


4992 


4959 


4927 


489& 


4869 


4842 


4817 


4798 


4771 


4750 


2 




^ 


8 


5025 


4991 


4958 


4927 


4897 


4869 


4842 


4817 


4793 


4771 


4750 


4730 


8 




t 


4 


5025 


4990 


4958 
4U57 


4926 
4926 


4897 


4868 


4842 
4841 


4816 


4792 
4792 


4770 


4749 


473d 


4 




5 


0.5024 


4090 


489o 


4868 


4816 


4770 


4749 


4729 


5 




6 


6024 


4989 


4956 


4925 


4896 


4867 


4841 


4S15 


4792 


4769 


4749 


4729 


6 


1 




7 


5023 


4989 


4956 


4925 


4895 


4867 


4840 


4815 


4791 


4769 


4748 


4729 


7 






8 


6028 


4988 


^55 


4924 


4895 


4^66 


4840 


4815 


4791 


4769 


4748 


4728 


8 


, 




9 


5022 


4988 


4955 


4924 


4894 


4066 


4839 


4814 


4791 


4768 


4748 


4728 


9 




10' 


0.5021 


4987 


4954 


4923 


4694 


4860 


4839 


4814 


4790 


4768 


4747 


4728 


10 


, 


11 


6021 


4987 


4954 


4923 


4893 


4865 


4839 


4818 


4790 


4768 


4747 


4728 


11 






It 


5020 


4986 


4958 


4922 


4893 


4865 


4838 


4818 


4789 


4767 


4747 


4727 


12 






X% 


6020 


4985 


4958 


4922 


4692 


4864 


4838 


4818 


4789 


4767 


4746 


4727 


18 






14 


5019 


4985 


4952 


4921 


4892 


4864 


4837 


4812 


4789 


4767 


4746 


4727 


14 




P.5018 


4984 


4952 


4921 


4691 


4868 


4837 


4812 


4788 


47(56 


4746 


4726 


15 




46 


6P18 


49S4 


4951 


4920 


4891 


4668 


4836 


4811 


4788 


4766 


4745 


4726 


16 






IT 


6617 


4988 


4951 


4920 


4890 


4862 


4836 


4811 


4788 


4765 


4746 


4726 


17 






18 


5017 


4988 


4950 


4919 


4890 


4862 


4886 


4811 


4787 


4765 


4745 


4725 


18 






19 


5016 


4982 


4950 


4919 


4889 


4861 


4835 


4810 
4810 


4787 


4765 


4744 


4725 


19 




20 


0.5016 


4982 


4949 


4918 


4889 


4861 


4835 


4786 


4764 


4744 


4725 


20 




tl 


5015 


4981 


4949 


4918 


4888 


4861 


4834 


4809 


4786 


4764 


4744 


4724 


21 






tm 


5014 


4980 


4948 


4917 


4888 


4860 


4884 


4809 


4786 


4764 


4743 


4724 


22 






fa 


5014 


4980 


4948 


4917 


4887 


4860 


4833 


4809 


4785 


4763 


4748 


4724 


23 






24 


5018 


4979 


4947 


4916 


4887 


4859 


4833 


4808 


4785 


4768 


4743 


4724 


24 




» 


0,5013 


4979 


4946 


4916 


4886 


4859 


4838 


4808 


4785 


4763 


4742 


4723 


25 




m 


5012 


4978 


4946 


4915 


4886 


4858 


4832 


4807 


4784 


4762 


4742 


4723 


26 




« 


V 


5011 


4978 


4945 


4915 


4886 


4858 


4832 


4807 


4784 


4762 


4742 


4723 


27 






28 


5011 


4977 


4945 


4914 


4885 


4857 


4831 


4807 


4784 


4762 


4741 


4722 


28 






29 


5010 


4977 


4944 


4914 


4885 


4857 


4831 


4806 


4788 


4761 


4741 


4722 


29 




30 


O.5010 


49^6 


4944 


4913 


4884 


4857 


4830 


4806 


4783 


4761 


4741 


4722 


30 




11 


5009 


4975 


4948 


4913 


4884 


4856 


4830 


4805 


4782 


4761 


4740 


4721 


81 






12 


5009 


4975 


4948 


4912 


4883 


4856 


4830 


4805 


4782 


4760 


4740 


4721 


82 






82 


5006 


4974 


4942 


4912 


4888 


4855 


4829 


4806 


4782 


4760 


4740 


4721 


38 






84 


5007 


4974 


4942 


4911 


4882 


4855 


4829 


4804 


4781 


4760 


4739 


4720 


84 




85 


J.5007 


4978 


4941 


4911 


4882 


4854 


4828 


4804 


4781 


4759 


4739 


4720 


85 




80 


5006 


4978 


4941 


4910 


4881 


4854 


4828 


4803 


4780 


4759 


4739 


4720 


86 






87 


5096 


4972 


4940 


4910 


4881 


4858 


4827 


4803 


4780 


'4758 


4788 


4720 


87 






88 


5005 


4972 


4940 


4909 


4880 


4858 


4827 


4803 


4780 


4758 


4738 


4719 


88 






89 


5005 


4971 


4989 


4909 


4880 


4853 


4827 


4802 


4779 


4758 


4738 


4719 


89 




40 


0.5004 


4971 


4989 


4908 


4879 


4852 


4826 


4802 


4779 


4757 


4737 


4719 


40 




41 


5008 


4970 


4938 


4908 


4879 


4852 


4826 


4801 


4779 


4767 


4787 


4718 


41 






42 


5008 


4969 


4988 


4907 


4878 


4851 


4825 


4801 


4778 


4757 


4737 


4718 


42 






43 


5002 


4969 


4937 


4907 


4^78 


4851 


4825 


4801 


4778 


4756 


4736 


4718 


48 






44 
45 


5002 


496Q 


4987 


4906 


4878 


4850 


4825 


4800 


4777 


4756 


4786 


4717 


44 




0.5001 


49(fH 


4936 


4906 


4877 


4850 


4824 


^00 


4777 


4756 


4736 


4717 


45 




46 


5001 


4967 


4936 


4905 


4877 


4849 


4824 


4799 


4777 


4755 


4735 


4717 


40 






47 


5000 


4967 


4935 


4905 


4876 


4849 


4829 


4799 


4776 


4755 


4735 


4717 


47 






48 


4999 


4966 


4934 


4904 


4876 


4849 


4828 


4799 


4776 


4755 


4735 


4716 


48 






49 


4999 


4966 


4934 


4904 


4875 


4848 


4822 


4798 


4776 


4754 


4734 


4716 


49 




50 


0.4998 


4965 


4983 


4903 


4875 


4848 


4822 


4798 


4775 


4754 


4734 


4716 


50 




51 


4998 


4965 


4983 


4906 


4874 


4847 


4822 


4798 


4775 


4754 


4734 


4715 


51 






52 


4997 


4961 


4932 


4902 


4874 


4847 


4821 


4797 


4774 


4753 


4783 


4715 


52 






58 


4997 


4968 


4932 


4902 


4873 


4846 


4821 


4797 


4774 


4753 


4733 


4715 


58 






54 


4996 


4963 


4931 


4901 


4878 


4846 


4820 


4796 


4774 


4753 


4733 


4715 


54 




55 


0.499(> 


4962 


4081 


4901 


4872 


4845 


4820 


4796 


4773 


4752 


4733 


4714 


55 




56 


4995 


4962 


4980 


4900 


4872 


4845 


4820 


4796 


4773 


4752 


4732 


4714 


56 






57 


4994 


4961 


4930 


4900 


4872 


4845 


4819 


4795 


4773 


4752 


4732 


4714 


57 






58 


4994 


4901 


4929 


4899 


4871 


4844 


4819 


4795 


4772 


4751 


4732 


4713 


58 




^ 


59 


4993 


4960 


4929 


4899 


4871 


4844 


4818 


4794 


4772 


4751 


4731 


4713 


69 

M. 






M. 


ajo 


66° 


670 


68° 


ego 


TOoi 


1 710 


799 72° 


740 


750 


76^ 


:| . 


* 


APPA&BNT Ava^n 


^U> 




;L . 









V 



N 



42 




TABLE XV. 




-- 




Logarithms of the Apparent Altitudes. 






• 




APPARENT ALTITUDES. 


— 










































M. 


77 


78 


79 


80 


81 


82 


83 


84 


86 


86 


87 


88 


M. 







0.4713 


4696 


4681 


4060 


4654 


4642 


4632 


4624 


4617 


4611 


4606 


4603 







1 


4712 


4696 


4680 


466C 


4664 


4642 


46S2 


4624 


4616 


4610 


4606 


4603 


• 1 






2 


4712 


4695 


4680 


4666 


466S 


4642 


4632 


4624 


4616 


4610 


4606 


460S 


2 






S 


4712 


4695 


4680 


4666 


466S 


4642 


4632 


4623 


4610 


4610 


4606 


4603 


S 






4 


4712 


4695 
4695 


4680 


4666 


4663 


4642 


4632 


4623 


4616 


4610 


4606 


4602 


4 




5 


0.4711 


4679 


4665 


4653 


4642 


4632 


4623 


4616 


4610 


4606 


4602 


6 




6 


4711 


4694 


4679 


4665 


4653 


4641 


4632 


4623 


4616 


4610 


4606 


4602 


6 






7 


4711 


4694 


4679 


4665 


4652 


4641 


4631 


4623 


4616 


4610 


4606 


4602 


7 






8 


4710 


4694 


4679 


4665 


4662 


4641 


4631 


4623 


4616 


4610 


4605 


4602 


8 









4710 


4694 


4678 


4664 


4662 


4641 


4631 


4623 


4616 


4610 


4605 
4605 


4602 


9 




10 


0.4710 


469S 


4678 


4664 


4652 


4641 


46S1 


4623 


4616 


4610 


4602 


10 




11 


4710 


4693 


4678 


4664 


4662 


4641 


46S1 


4622 


4616 


4610 


4606 


4602 


11 






12 


4709 


4693 


4678 


4664 


4661 


4640 


4631 


4622 


4616 


4610 


4606 


4602 


12 






IS 


4709 


4693 


4677 


4664 


4651 


4640 


4631 


4622 


4616 


4609 


4605 


4602 


IS 






14 


4709 


4692 


4677 


4663 


4661 


4640 


4630 


4622 


4616 


4609 


4606 


4602 


14 




15 


0.4708 


4692 


4677 


466S 


4651 


4640 


4630 


4622 


4615 


4609 


4606 


4602 


16 




16 


4708 


4692 


4677 


4663 


4661 


4640 


4630 


4622 


4616 


4609 


4606 


4602 


16 






17 


4708 


4691 


4676 


4663 


4650 


4640 


4630 


4622 


4615 


4609 


4605 


4602 


17 






18 


4708 


4691 


4676 


4663 


4650 


4639 


4630 


4622 


4616 


4609 


4605 


4602 


18 






. w 


4707 


4691 
4691 


4676 


•4662 


4650 


4639 


4630 


4621 


4615 


4609 


4605 


4602 


19 




20 


0.4707 


4676 


4662 


4650 


4639 


4629 


4621 


4614 


4609 


4605 


4602 


20 




21 


4707 


4690 


4675 


4662 


4650 


4639 


4629 


4621 


4614 


4609 


4605 


4602 


21 






22 


4706 


4690 


4675 


4662 


4649 


4639 


4629 


4621 


4614 


4609 


4605 


4602 


22 






23 


4700 


4690 


4675 


4601 


4649 


4638 


4629 


4621 


4614 


4609 


4605 


4602 


2S 






24 


4706 


4690 


.4675 


4061 
4601 


4649 
4649 


4638 


4629 


4621 


4614 


4609 


4604 


4602 


24 




25 


0.4706 


4689 


4675 


4638 


4629 


4621 


4614 


4608 


4604 


4602 


26 




26 


4705 


4689 


4674 


4661 


4649 


4638 


4629 


4621 


4614 


4608 


4604 


4602 


26 






27 


4705 


4689 


4674 


4661 


4649 


4638 


4628 


4620 


4614 


4608 


4604 


4602 


27 






28 


4705 


4689 


4674 


4660 


4648 


4638 


4628 


4620 


4614 


4608 


4604 


4602 


28 




: 


29 


4705 


4688 
4088 


4674 


4660 


4648 


4637 


4628 


4620 
4620 


4614 


4608 


4604 


4602 


29 




30 


0.4704 


4673 


4660 


4648 


4637 


4628 


4613 


4608 


4604 


4601 


30 ' 




31 


4704 


468S 


4673 


4660 


4648 


4637 


4028 


4620 


4613 


4608 


4604 


4601 


31 






32 


4704 


4688 


4673 


4660 


4648 


4637 


4028 


4620 


4013 


4608 


4604 


4601 


32 






33 


4703 


4687 


4673 


4659 


4647 


4637 


4028 


4620 


4613 


4608 


4604 


4601 


33 






34 
35 


4703 


4687 


4672 


4659 


4647 


^4637 


4027 
4027 


4620 


4613 


4608 


4604 


4601 


34 




0.4703 


4687 


4672 


4659 


4647 


4036 


4019 


4613 


4008 


4604 


4601 


35 




36 


4703 


4687 


4672 


4659 


4647 


4636 


4627 


4619 


4613 


4608 


4604 


4601 


36 






37 


4702 


4686 


4672 


4658 


4647 


4636 


4627 


4619 


4613 


4698 


4604 


4601 


37 






38 


4702 


4680 


4671 


4658 


4646 


4636 


4627 


4619 


4613 


4607 


4604 


4601 


38 






39 


4702 


4080 


4671 


4658 


4646 


4636 
4636 


4627 


4619 


4613 


4607 


4604 


4601 

4001 


39 




40 


0.4701 


4686 


4671 


4658 


4640 


4027 


4019 


4612 


4607 


4604 


40 




41 


4701 


4685 


4671 


4658 


4046 


4636 


4626 


4619 


4612 


4607 


4604 


4001 


41 






42 y 

43' 


4701 


4685 


4671 


4657 


4646 


4635 


4626 


4619 


4612 


4607 


4603 


4001 


42 






4701 


4085 


4670 


4657 


1646 


4635 


4626 


4618 


4612 


4607 


4603 


4001 


43 






44 


4700 


4685 


4670 


4657 


4645 


4635 


4626 


4618 


4612 


4607 


4603 


4001 


44 




45 


0.4700 


4684 


4670 


4657 


4645 


4635 


4620 


4618 


4612 


4607 


4603 


4001 


45 




46 


4700 


4684 


4670 


4657 


4615 


4635 


4026 


4618 


4612 


4607 


4603 


4001 


46 






47 


4699 


4684 


4669 


4656 


4646 


4635 


4626 


4618 


4612 


4607 


4603 


4001 


47 






48 


4699 


4684 


4669 


4656 


4645 


4634 


4625 


4618 


4612 


4607 


4603 


4001 


48 






49 


4699 


4683 


4669 


4656 


4644 


4634 


4625 


4018 


4612 


4607 


4003 


4001 


49 




50 


0.4699 


4683 


4069 


4650 


4644 


4634 


4625 


4018 


4611 


4607 


4603 


4601 


60 


i 


51 


4698 


4683 


4669 


4656 


4644 


4634 


4625 


4018 


4611 


4607 


4603 


4601 


51 






52 


4608 


4683 


4668 


4655 


4044 


4634 


4625 


401/ 


4G11 


4606 


4603 


4601 


52 






53 


4698 


4682 


4668 


4655 


4644 


4634 


402*5 


4017 


4611 


4606 


4603 


4601 


53 






54 


4098 


4682 


4668 


4655 


4044 


4033 


4625 


4617 


4011 


4606 


4603 


4601 


54 




55 


0.4697 


4082 


460^ 


4055 


4643 


4633 


4625 


4617 


4611 


4606 


4603 


4601 


55 




56 


4697 


4082 


4607 


4655 


4043 


4633 


4624 


4017 


4011 


4606 


4603 


4601 


56 






67 


4097 


4081 


4667 


4654 


4643 


46-)3 


4624 


4017 


4011 


4606 


4603 


4001 


57 






58 


4696 


4081 


4667 


46.^4 


4643 


4633 


402 J 


4617 


4611 


400(i 


4603 


4001 


58 






69 


4696 


4081 

•780 


4667 


4654 


4643 


4633 


4624 


4617 


4611 


4600 


4003 


4001 


59 
M. 




M. 


770 


70<^ 


80"^ 


81° 


82° 


83^ 


84° 


85° 


m° 


87<^ 


88<^ 


« 


APPARENT ALTITUDES. ' 



I. 



TABLE XVL 4« 


Logarithms of the AppAaENT Distance. 

1 


M. 


APPARENT DISTANCE. 


1 

M. 



18« 


19^ 


20^ 1 21^ 


220 


23° 


Lop. 8. 


liOff. T. 


Lof. S. 


Log. T. 


Log. 8. 


Log. T. 


Lug. 8. 


Log. T. 


Log. S. 


|Log. T. 


Log. S. 


Log. T. 





0.4900 


0.6118 


0.6126 


0.5370 


0.5341 


0.6611 


0.6543 


0.6842 


0.6736|0.6064 


0.5919 


0.6279 


1 


4904 


6122 


5130 


5374 


5344 


6615 


5547 


6816 


6739 


6068 


6922 


6282 


1 


2 


4908 


6126 


6134 


5378 


6347 


6619 


5550 


5849 


6742 


6071 


6925 


6286 


2 


Z 


4911 


5131 


6137 


6382 


6351 


6622 


5653 


6853 


6745 


6076 


5928 


6289 


3 


4 


4915 


5135 


5141 


6386 


5354 


5626 


5556 


5857 


6748 


6079 


6931 


6293 


4 
6 


6 


0.4919 


0.6139 


0.6146 


0.5390 


0.6358 


0.5630 


0.5560 


0.5861 


0.6751 


0.6082|0.5934 


0.6296 


6 


4923 


6143 


5148 


6394 


5361 


6634 


5563 


5864 


6764 


6086 


6937 


6300 


6 


7 


4927 


6148 


5152 


5398 


5365 


5638 


6566 


5868 


6758 


6090 


6940 


6303 


7 


8 


4931 


6152 


6166 


5402 


5368 


5642 


6570 


6872 


6761 


6093 


6943 


6307 


8 



10 


4935 


5156 


5159 


6407 


5372 


5646 


6573 


5876 


6764 


6097 


6946 


6310 


9 
10 


0.4939 


0.5161 


0.&163 


0.6411 


0.5375 


0.5650 


0.5576 


0.5879 


0.6767 


0.6100 


0.6948 


0.6314 


11 


4942 


5165 


5167 


5416 


5379 


6654 


6579 


6883 


6770 


6104 


5951 


6317 


11 


12 


4946 


5169 


6170 


6419 


5382 


6658 


6583 


6887 


6773 


6108 


6954 


6321 


12 


13 


4950 


5173 


6lt4 


6423 


6385 


6662 


6586 


6891 


6776 


6111 


6957 


6324 


13 


14 
15 


4954 


5178 


6177 


6427 


6389 


6665 


5589 


6894 


5779 


6115 


6960 


6328 


14 

15 


0.4958 


0.5182 


0.6181 


0.5431 


0.5392 


0.5669 


0.5592 


0.5898 


0.5782 


0.6118 


0.6963 


0.6331 


16 


4962 


5186 


6186 


6435 


5396 


5673 


5596 


6902 


5786 


6122 


6966 


6334 


16 


17 


4965 


6190 


6188 


5439 


5399 


5677 


6599 


5906 


6789 


6126 


5969 


6338 


17 


18 


4969 


5195 


6192 


6443 


6402 


5681 


5602 


5909 


6792 


6129 


6972 


6341 


' 18 


.19 
20 


4973 


5199 


5196 


5447 


5406 


6685 


5605 


5918 


6795 


6133 


5975 


6345 


19 
20 


0.4977 


0,5203 


0.5199 


0.5451 


0,5409 


0.5689 


0.6609 


0.5917 


0.5798 


0.6136 


0.5978 


0.6348 


21 


4981 


6207 


6203 


6455 


6413 


5693 


5612 


5921 


6801 


6140 


6981 


6362 


21 


22 


4984 


5212 


5206 


5459 


6416 


5606 


5615 


5924 


5804 


6144 


5984 


6355 


22 


23 


49B8 


6216 


5210 


5463 


6420 


5700 


5618 


692a 


6807 


6147 


6987 


6359 


23 


24 
26 


4992 


5220 


6213 

• 


5467 


5423 


5704 


5621 


6932 


6810 


'6151 


6990 


6362 


24 
26 


0.4996 


0.5224 


0.5217 


0.5471 


0.5426 


0.5708 


0.5625 


0.5935 


0.5813 


0.6154 


0.5992 


0.6366 


26 


6000 


6228 


5221 


5475 


6430 


6712 


6628 


6939 


5816 


6158 


6995 


6369 


26 


27 


6003 


5233 


5224 


5479 


6433 


5716 


6631 


5943 


5819 


6162 


6998 


6373 


27 


28 


6007 


6237 


6228 


6483 


5436 


6720 


5634 


5947 


5822 


6165 


6001 


6376 


28 


29 
30 


6011 


6241 


6231 


5487 


5440 


5724 


5638 


5950 


5825 


6169 


6004 


6380 


29 
30 


0.5015 


0.5245 


0.5235 


0.5491 


0.5443 


0.5727 


0.5641 


0.5954 


0.5828 


0.6172 


0.6007 


0.6383 


31 


5019 


5249 


5239 


5496 


6447 


6731 


6644 


6968 


5831 


6176 


6010 


6386 


31 


32 


5022 


5254 


6242 


6500 


6450 


5785 


6647 


6961 


6834 


6179 


6013 


6390 


32 


33 


5026 


5258 


5246 


5504 


6453 


5739 


5650 


5965 


5838 


6183 


6016 


6393 


33 


'34 
35 


5030 


5262 


5249 


5508 


5457 


5743 


6664 


6969 


5841 


6187 


6019 


6397 


34 
35 


0.5034 


0.5266 


0.5253 


0.5512 


0.5460 


0.5747 


0.5657 


0.5972 


0.5844 


0.6190 


0.6022 


0.6400 


36 


5037 


6270 


5256 


5516 


5463 


5750 


5660 


5976 


5847 


6194 


6024 


6404 


36 


37 


5041 


5275 


5260 


6520 


6467 


5754 


5663 


5980 


5850 


6197 


6027 


6407 


37 


38 


5045 


5279 


5263 


5524 


6470 


5758 


5666 


5984 


5853 


6201 


6030 


6411 


38 


39 
40 


6049 


5283 


52G7 


5528 


5474 


5762 


5670 


5987 


5856 


6204 


6033 


6414 


39 
40 


0.5052 


0.6287 


0.5270 


0.5531 


0.5477 


0.6766 


0.5673 


0.5991 


0.5869 


0.6208 


0.6036 


0.6417 


41 


5056 


5292 


5274 


5535 


5480 


6770 


5676 


6995 


5862 


6211 


6039 


6421 


41 


42 


5060 


5295 


5278 


553d 


6484 


6773 


5679 


5998 


6865 


6215 


6042 


6424 


42 


43 


6064 


5299 


6281 


5543 


6487 


5777 


5682 


6002 


6868 


6219 


6045 


6428 


43 


44 
45 


5067 


5304 


5285 


5547 


6490 


5781 


5685 


6006 


5871 


6222 


6047 


6431 


44 

45 


0.5071 


i).6308 


0.5288 


0.5551 


0.5494 


0.5785 


0.5689 


0.6009 


0.5874 


0.6226 


0.6050 


0.6435 


46 


5075 


5312 


52':)2 


6555 


5497 


5789 


5692 


6013 


5877 


6229 


6053 


6438 


46 


47 


5078 


6316 


5295 


5559 


6500 


6792 


5695 


6017 


5880 


6233 


6056 


6441 


47 


43 


5032 


5320 


5299 


5563 


5504 


6796 


5698 


6020 


5883 


6236 


6059 


6445 


48 


49 
50 


5086 


6321 


6302 


6567 


5507 


5800 


5701 


6024 


5886 


6210 


60(tt 
0.6065 


6448 


49 
50 


0.5090 


0.5329 


3.5306 


0.5571 


0.6510 


0.5804 


0.5704 


0.6028 


0.6889 


0.6243 


0.6452 


51 


5093 


5333 


5309 


5575 


5514 


5808 


5708 


6031 


5892 


6247 


6068 


6455 


61 


52 


5097 


6337 


5313 


5579 


6517 


6811 


5711 


6035 


5895 


6250 


6070 


6459 


52 


53 


6101 


5341 


5316 


5583 


5520 


5815 


5714 


6039 


5898 


6254 


6073 


6462 


53 


64 
55 


6104 


5345 


6320 


5587 


6523 


6819 


6717 


6042 


6901 


6267 


6076 


6465 


54 

55 


0.5108 


0.5349 


0.5323 


0.5591 


0.6527 


0.5823 


0.5720 


0.6046 


0.6904 


0.6261 


0.607 9 


0.6469 


56 


6112 


6353 


5327 


5595 


5530 


6827 


6723 


6050 


6907 


6264 


6082 


6472 


56 


67 


6115 


6357 


6330 


6699 


5533 


6830 


6726 


6053 


6910 


6268 


6086 


64T6 


57 


68 


6119 


5362 


5334 


6603 


6537 


5834 


5730 


6057 


5913 


6271 


6087 


6479 


68 


59 


5123 


6366 


5337 


6607 


5540 


5838 


6733 


6060 


6916 


6275 


6090 


6482 


59 


60 


5126 


6370 


5341 


6611 


6543 


6842 


6736 


6064 


5919 


6279 


6013 


64K6 


60 
M. 


hog, S. 


Wt. 


Log. S. 


Log. T. 


Log. S. 


Log. T. 


Log'. S. 


Log. T. 


Log. S. 


Log. T. 


Log. S. Log. T. 


18^ 1 


19° 1 


2(P 1 


2lo 1 


22^ 


23° 


APPARENT DISTANCE. 



44 TABLE XVI. 




toGARITHMS of the APPAREKt DlSTAIVCE. 


' 


M. 


APPARENT DISTANCE. 


ML 





24° 1 


25^ 1 


26^ 1 


27*^ 1 


28® I 239 1 




Log. 8. 


Log.T. 


Log. S. 
6.6259 


Log. T. 


Log. 8. 


L<J|f. T. 


Log. K. 


Lag. T. 


Log. 8. 


Log. T JLog. 8. 


hoe.T. 







0.6093 


0.6486 


0.6687 


0.6418 


0.6882 


0.6570 


0.7072 


0.6716 


0.72^710.6866 


r.74S8 


' 


1 


6096 


6489 


6262 


6690 


6421 


6885 


6573 


7075 


6718 


7260 


6858 


7441 


1 




2 


6099 


6493 


6265 


6693 


6424 


6888 


6576 


7078 


6721 


7263 


6860 


7443 


% 




S 


6102 


6496 


6268 


6697 


6426 


6891 


6678 


7081 


6723 


7266 


; 6863 


7446 


t 


• 


4 


6104 


6499 
0.6503 


6270 


6700 


6429 


6896 


' 6680 


7084 


6726 


7269 : 6866 


7449 


4 




0.6107 


0.6273 


0.6703 


0.&431 


0.6898 


0.6683 


0.7087 


0.6728 


0.727^.68^ 


0^.7452 


5 







6110 


6506 


6276 


6706 


6434 


6901 


, 6685 


7090 


6730 


7276^ 


6869 


7455 


6 




7 


6113 


6510 


6278 


6710 


6437 


6904 


6688 


7093 


6733 


72781 6872 


7458 


7 




• 8 


6116 


6513 


6281 


6713 


6439 


6907 


i 6590 


7097 


6736 


7281 


6874 


7461 


6 


. 


9 
10 


6119 


6516 


6284 


6716 


6442 


6911 


i 6693 


71001 67^7 


7^ 6876 


7464 





1 


0.6121 


0.6520 


0.6286 


0.6720 


0.6444 


0.6914 


».6695 


0.71i)3|t>.6740 


0.728Cr|l.6878 


0.7487 


10 




11 


6124 


6523 


6289 


6723 


6447 


6917 


6698 


7106|: 6742 


'7290l 6881 


7470 


n 


f 


12 


6127 


6527 


6292 


6726 


6449 


6920 


> 6600 


7IO9I 6744 


7293 


6883 


7473 


tt 


1 


13 


6130 


6530 


6295 


6729 


6452 


6923 


6603 


7112 


e747 


72961 6886 


7476 


tt 


i 


14 
13 


6133 


6533 


6297 


6733 


6455 


6927 


6606 


7116 


6740 


7^ 6887 


7470 
0.7482 


14 

is 




0.6135 


0.6537 


0.630ii 


0.6736 


0.6467 


0.6930 


0.6607 


0.711b 0.6762 


0.7302 r.6890 


J 


16 


6138 


6540 


6303 


6739 


6460 


6933 


6610 


7121 


; 6764 


7306 


6892 


7485 


ie ! 




U 


6141 


6543 


6305 


6743 


6462 


6936 


6612 


7125 


6766 


7308; 6894 


7488 


It 




18 


6144 


6547 


6308 


6746 


6465 


6939 


6615 


7128 


6769 


T311 


6896 


7491 


18 




19 


6117 


6550 


6311 


6749 


6467 


6942 
0.6946 


6617 


7131 


6761 


7^14 


6899 


7494 


19 




20 


0.6149 


0.6553 


0.6313 


0.6752 


0.6470 


0.6620 


0.7134 


0.6763 


0.7317 >.Gm 


ir.7497 


|20- : 


. 


21 


6152 


6557 


6316 


6766 


6472 


6949 


6622 


7137 


' 6766 


732( 


6903 


7600 


21 




22 


6155 


6560 


6819 


6759 


6475 


6952 


6625 


7140 


6768 


7324 


6906 


7503 


!22 


' 


23 


6158 


6564 


6321 


6762 


6477 


6966 


6027 


7143 


6770 


7327 


6908 


7506 


j2S^ 


i 


24 
25 


6161 


6567 


6324 


6765 


6480 


6968 


6629 


7146 


6778 


7330 


6910 


7609 


24 
25 • 




0.0163 


0.6570 


0.6327 


0.6769 


D.6483 


0.6962 


0.6632 


0.7149 


).6776 


0.7333 


9.6912 


0.7512 


' 


26 


6166 


6574 


6329 


6772 


6485 


6965 


6634 


7162 


6777 


7336 


6914 


7615 


26 


^ 


27 


6169 


6577 


f 63S2 


6775 


6488 


6968 


6637 


7166 


6780 


7331 


6917 


; 7518 


27 




28 


6172 


6580 


; 6935 


6778 


6490 


6971 


6639 


7159 


6782 


7342 


6919 


7621 


28 




29 
30 


6175 


6584 
0.6587 


■ 6337 


6782 


6493 


6974 


6642 


7162 


6784 


7346 


6921 


7623 


29^ • 




0.6177 


0.^340 


0.6785 


0.6495 


0.6977 


[).6644 


0.7165 


).6787 


0.7348 


0.6923 


0.7526 


SO . 




31 


6180 


6590 


i 6342 


6788 


6498 


6981 


6646 


7168 


6789 


7351 


6926 


7629 


SI 




32 


6183 


6594 


6345 


6791 


6500 


6984 


6649 


7171 


6791 


7354 


6928 


7532 


32 




33 


6186 


6597 


6348 


6795 


6503 


6987 


6661 


7174 


6794 


7367 


6930 


7636 


33 




34 
3.5 


6188 


6600 


6350 


6798 


6505 


6990 


6664 


7177 


6796 


7360 


6932 


7638 


S4 




0.6191 


0.6604 


0.6353 


0.6801 


0.6608 


0.6993 


[>.6666 


O.7180 


).6798 


0.7363 


0.6935 


0.7641 


35 




36 


6194 


6607 


6356 


6804 


6610 


6996 


6669 


\ 7183 


6801 


7366 


6937 


7644 


36 




37 


6197 6610 


6358 


6808 


6513 


6999 


6661 


7186 


6803 


7369 


6939 


7647 


S7 




38 


6199 6614 


6361 


6811 


6515 


7003 


6663 


7189 


6805 


7372 


0941 


7660 


38 




39 
40 


6202 


6617 


6364 


6814 


6518 


7006 


6666 


7192 


6808 


7375 


6943 


7563 


S9 
40 




0.6205 


0.6620 


9 6366 


0.6817 


0.6521 


0.7009 


[>.6668 


0.7196 


0.6810 


0.7378 


0.6946 


0.7560 




r41 


6208 


6624 


6369 


6821 


6523 


7012 


6671 


7199 


6812 


7381 


6948 


7669 


41 




42 


6210 


6627 


6371 


6824 


6626 


7015 


6673 


7202 


6814 


7384 


6960 


7562 


42 




43 


6213 


6630 


6374 


6827 


6528 


701b 


6675 


7205 


6817 


7387 


6962 


7666 


43 




44 
45 


6216 


6634 


6377 


6830 


6531 


7022 


6678 


7208 


6819 


7390 


6964 


7568 


44 

46 




0.6219 


0.6637 


0.6379 


0.6834 


0.6533 


0.702-> 


0.6680 


0.7211 


0.6821 


0.7393 


0.6957 


0.7671 




46 


C221 


6640 


6382 


6837 


6536 


7028 


6683 


7214 


6824 


7390 


6959 


7573 


46 




4T 


6224 


6644 


6385 


6840 


6538 


7031 


6685 


7217 


6826 


7399 


6961 


7576 


47 




48 


6227 


6647 


6387 


6843 


6541 


7034 


6687 


722 


6828 


7402 


6963 


7579 


48 




49 
50 


6230 


6650 


6390 


6846 


6543 


7037 


6690 


7223 


6831 


7405 


6966 


7582 


49 
60 




0.6232 


0.6654 


0.6392 


0.6850 


0.6546 


0.7040 


0.6692 


0.7220 


0.6833 


O.t40« 


0.6968 


0.7686 




51 


6235 


6657 


6395 


6853 


6648 


7043 


6695 


7229 


6835 


7411 


6970 


7588 


51 




52 


6238 


6660 


6398 


6856 


6651 


7047 


6697 


7232 


6837 


7414 


6972 


7601 


52 




53 


6240 


6664 


6400 


6859 


«55^ 


7050 


6699 


7235 


6840 


7417 


6974 


7694 


63 




54 
55 


6243 


,6667 


6403 


6863 


6566 


7053 


6702 


7238 


6842 


7420 


6977 


7697 


54 
65 




0.6216 


0.6670 


0.6405 


0.6866 


0.6658 


0.7056 


0.6704 


0.7241 


0.6844 


0.7423 


).6979 


0.7600 




.56 


6249 


6674 


6408 


6869 


6661 


7069 


6707 


7245 


6847 


7426 


6981 


7603 


56 




6T 


6251 


6677 


6411 


6872 


6663 


706S 


6709 


724^ 


6849 


7429 


6983 


7606 


57 




58 


6254 


6680 


6113 


6875 


6666 


7065 


6711 


7261 


6861 


7432 


6985 


7609 


58 




59 


6257 


6683 


6416 


6879 


6568 


7069 


6714 


7264 


6863 


7435 


6088 


7611 


59 




60 


6259 


6687 


6418 


6882 


6570 


7072 


6716 


7267 


6866 


7438 


6990 


7614 


60 
M. 




Log. S. 


Log. T. 


Log. S. 


Log. T. 


Log. 8. 


Log. T. 


bog. s. 


Log. T, 


Log. 8. 


liOg.T. 


L<Y. 8. 


Log. T. 




24^ 


25° 


260 


I 270 


\ 28» 


1 2109 




APPARENT DISTANCE. 





TAliLE XVr. 45 




! L^ 


I^AffMitf Of the AttAtLtH'f D 

APPAR^l^t DISTANCE, 


^IStAHCIt. 


* 


i 
1 


- --- 




1 


• 


1 

. 


P^ 1 31? 


32^ 1 330 


34^ 


350 


1 


hog.B. 


hog. TMjog. 8. 


w t. 


h"g, 8. 


hog, T,ttjog, S. 


hog, T. 


hog.S, 


Log. T. 


Log. 8. 


Log.T. 




0.0000 


0.7614|l.711t^ 


0.77880.7242 


0.795810.7361 


0.8126 


0.7476 


0.829oio.758b' 


0.8452 







, 1 


0902 


; 76171 7121 


; 7791 


7244 


7961 


7363 


8128 


7477 


8293 


7588 


8455 


1 




8 


0904 


1 762(1 7123 


77931 7246 


7964 


7365 


8131 


7479 


8295 


7590 


8458 


, % 




t 


; 0996 


,76231 7125 


7796 


7248 


7966 


7367 


8133 


7481 


829b 


7591 


8460 


^S 




4 
6 


! 0008 


76261 7127 


77091 7250 


7969 


7369 


8136 


7483 


8301 


7593 


8463 


4 
5 




0.7001 


0.7629k.7129 


0.7802b.7252 


0.797i: 


0.7371 


0.813910.7485 


0.8303|0.7o95 


0.8466 




6 


7003 


76S2 


7131 


7805 


7254 


7975 


7373 


81421 7487 


8306L 7507 


8468 


6 


; 


t 


7005 


7635 


7133 


7808 


7256 


7978 


7375 


81451 7489 


8309 


7599 


8471 


7 




8 


7007 


1638 


7135 


TBll 


7268 


7980 


7377 


8I47I 7491 


8312 


7600 


8474 


8 






7009 


7i641 


7l3t 


7813 


7260 


7083 


7379 


8150| 7492 


8314 


7602 


8476 


9 
10 


, 


0.7012 


0.7644 


0.7139 


0.7816 


1.7282 


0.798o 


».7380 


0.8153 1^.7404 


0.831710.7604 


0.8479 




11 


7014 


7646 


7141 


7819 


7264 


7989^ 


7882 


8156 7406 


8320 


7606 


8482 


11 




12 


7016 


7049 


7144 


7822 


7266 


7992 


7384 


8158 7498 


8323 


7607 


8484 


12 


1 


It 


7018 


7652 


7146 


7825 


. 7288 


7994 


7386 


8161 7500 


8325 


7609 


8467 


IS 




: 14 

! 19 


7020 


7655 


7148 


7828 


7270 


7997 


7388 


8164 7502 


8328 


7611 


8400 


14 
15 


; 


0.7022 


0.765b 


0.715O 


0.7881 


9.7272 


0.8000 


0.739O 


0.8107 K7504 


0.833110.7613 


0.8493 


. 


1 16 


7025 


7661 


7152 


7883 


7274 


8003 


7302 


8169 7505 


8333 


7615 


8495 


16 




1 17 


7027 


7664 


• 7154 


7836 


7276 


8006 


7304 


81721 7507 


8336 


7616 


8408 


17 


( 


18 


7029 


7667 


7156 


7839 


7278 


8008 


7306 


81751 7509 


8339 


7618 


8501 


18 




19 
20 


7031 


7670 


71d8 


7842 


7280 


8011 


7398 


81781 7511 


8342 


7620 


8503 


19 


. 


0.70S3 


0.7673 


0.7160 


0.7845 


S77282 


0.8014 


D.7400 


0.8180 0.7513 


0.8344 


0.7622 


0.8506 


20 




21 


7035 


7675 


7162 


7848 


7284 


8017 


7402 


8183 7515 


8347 


7624 


8509 


21 




22 


7037 


7678 


7164 


7850 


7286 


8020 


7404 


8186 7517 


8350 


7625 


8511 


22 




2S 


7040 


7681 


7166 


7853 


7288 


8022 


7406 


8189 7518 


8352 


7627 


8514 


23 




24 
25 


7042 


7684 


7168 


7856 


7290 


8025 


7407 


8191 7620 


8355 


7620 


8517 


24 
25 




0.7044 


0.7687 


0.7171 


0.7850 


J.7292 


0.8028 


D.7400 


0.8194 0.7522 


0.835b 


0.7631 


0.8519 




20 


7046 


7690 


7173 


7862 


7294 


8031 


7411 


8197 7524 


8361 


7632 


8522 


20 




2ft 


70«B 


7693 


7175 


7865 


7296 


80ir4 


7413 


8200 7526 


8363 


7634 


8526 


27 




28 


7050 


7698 


7in 


7868 


7298 


8036 


7415 


8202 7528 


8366 


7636 


8527 


28 




20 


7053 


7699 


7179 


7870 


7300 


803^9 


7417 


8205 7529 


8369 


7638 


8530 


2'J 




SO 


0.7055 


0.7701 


0.7181 


0.7873 


0.7302 


0.8042 


b.7419 


t».82u8 0.7531 


0.8371 


0.7640 


0.8532 


30 




81 


7057 


7704 


7183 


7876 


7308 


8045 


7421 


8211 7533 


8374 


7641 


8535 


31 




82 


7059 


7707 


7185 


787t 


7306 


8047 


7423 


8213 7535 


8377 


7643 


8538 


32 




SH 


7061 


7710 


7187 


7882 


7308 


8050 


7425 


8216 7537 


8379 


7645 


8541 


33 




84 

85 


7063 


7713 


7189 


7885 


7310 


8053 


7427 


8219 7639 


8382 


7647 


854S 


34 

35 




0.7065 


0.7716 


fiU7191 


0.7887 


».73l2 


0.8056 


0.7428 


0.8222 0.7540 


0.b385 


0.7648 


0.8546 




SO 


7068 


77K 


7193 


7890 


7314 


8059 


7430 


8224 7542 


8388 


7650 


8549 


36 




87 


7070 


7725 


7195 


7893 


7316 


8061 


7432 


8227 7544 


8390 


7652 


8551 


37 




88 


7072 


7725 


7197 


7896 


7318 


8064 


7434 


8230 7546 


8393 


7654 


8554 


38 




SO 

yj 

40 


7074 


7727 


7199 


7899 


7320 


8067 


7436 


r 82^ 


7548 


8396 


7655 


8567 


39 




0.7076 


0.7730 


0.7201 


0.7902 


i>.7322 


0.8070 


0.7438 


0.8235 


9.755S 


0.8398 


0.7057 


0.8559 


40 




4t 


7078 


7733 


720^ 


7904 


7324 


8072 


7440 


8238 


7551 


8401 


7659 


8562 


41 




42 


7080 


7736 


7206 


7907 


7326 


8075 


7442 


8241 


7553 


8404 


7661 


8565 


42 




43 


7082 


7739 


7208 


7910 


7328 


807& 


7444 


8243 


7555 


8406 


7662 


8567 


43 




14 

40 


7085 


7742 


7210 


7913 


7330 


8081 


7446 


8246 


7557 


8409 


7664 


8570 


44 




0.7087 


0.7745 


9.7212 


0.791f 


0.7332 


0.8084 


0.7447 


Or824d 


dr.7559 


0.8412 


0.1666 


0.8573 


45 




40 


7089 


7748 


7214 


7918 


7334 


8086 


7449 


8252 


7501 


uu 


7668 


8575 


46 




47 


7091 


7750 


7216 


7921 


7336 


. 8089 


7451 


8254 


7562 


84i7 


7660 


8578 


47 




48 


7093 


7753 


7218 


7924 


7338 


8092 


7453 


8257 


7564 


8^0 


7071 


8581 


48 




40 
60 


7095 


7756 


7220 


7927 


7340 


8095 


7455 


8260 


7566 


8423 


7673 


8583 


49 




0.7097 


0.775<J 


».7222 


0.7930 


0.7342 


0.8097 


0.7457 


0.8263 


0.7568 


0.8425 


0.7675 


J. 8586 


50 




6t 


709D 


7762 


72^ 


7933 


7344 


8100 


7459 


8265 


7570 


8428 


7676 


8589 


51 




52 


7102 


7766 


7226 


7935 


7345 


8103 


7461 


8268 


7571 


8431 


7678 


8691 


52 




5S 


7104 


7768 


7228 


7938 


7347 


8106 


7462 


8271 


7573 


8433 


7680 


8594 


53 




54 
55 


7106 


7771 


7230 


7941 


7349 


8109 


7464 


1 8274 


7575 


8436 


7682 


8597 


54 
56 




0.7108 


0.7773 


0.7232 


0.7944 


9.7351 


0.8111 


0.7466 


0.8276 


0.7577 


0.843S 


9.7083 


0.8599 




50 


7110 


7776 


7234 


7947 


7353 


8II4 


7468 


8279 


7579 


8442 


7685 


8602 


56 , 




57 


7112 


7779 


7236 


7949 


> 7355 


8117 


7470 


8282 


7581 


8444 


7687 


8605 


57 ' 




58 


7114 


7782 


7238 


7952 


7357 


8120 


7472 


8284 


7582 


8447 


7689 


8607 


68 




50 


7116 


7785 


7240 


7955 


7359 


8122 


7474 


8287 


7584 


8450 


7690 


8610 


59 




60 


7118 


7788 


7242 


7958 


7361 


8125 


7476 


8290 


7586 


8462 


7692 


8613 


60 
M. 




M. 


hog. 8. 


Log-. T. 


Loff.8. 


hog, T< 


hog, 0. hog, T. 


Log". 8. 


liOg-. T. 


hog. 9 


Log. T. 


L07. 8. 


Log. T. 




^QO 


31° 1 


S2« 


r 33^ 1 


\ 340 1 


350 
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,. 
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■■■■■■ 




■■MMia 
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■■■■■■ 
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TABLE XVI. 
LooARiTRiffa of the Apparent Distancb. 




M. 


APPARENT DISTANCE. 






3tt« 1 


370 1 


38^ 


39<^ 


40^ 1 


410 


M. 




Log. 8. 


Log. T. 


Lki^. 8. 


UVT- I'- 


ij-g. a. 


LofC. T. 


Lojr. 8. 


Log. T. 


Log. 8. 


Log. T. 


Log. 8. 


Log. T. 




0.7692 


O.M)13 


0.77i)j 


0.8771 


0.789a 


0.892H 


0.7989 


0.9084 


0.8081 


0.923h|0.8169 


0.9392 







1 


7694 


8615 


7790 


8774 


7896 


8931 


7990 


908tf 


8082 


9241 


8171 


9394 


1 




2 


7690 


8618 


7798 


8776 


7807 


8933 


7902 


9089 


8084 


9243 


8172 


9897 


2 




S 


7697 


8621 


7800 


8779 


7898 


8936 


7993 


9091 


8085 


92461 8174 


9399 


8 




4 
6 


7699 


8623 


7801 


8782 


7900 
0.7901 


8939 


7995 


9094 


8087 


92481 8175 


9402 


4 
5 




0.7701 


0.8620 


0.7803 


0.8784 


0.8941 


0.7997 


0.9097 


0.8088 


0.9251 


to. 8177 


0.9404 




6 


7703 


8629 


7805 


8787 


7903 


8944 


7998 


9099 


8090 


9254 


8178 


9407 


6 




7 


7704 


8631 


7806 


8790 


7905 


8946 


8000 


9102 


8091 


92661 8180 


9409 


7 




8 


7706 


8634 


7808 


8792 


7906 


8949 


8001 


9104 


8093 


92591 8181 


9412 


8 




9 
10 


7708 


8637 


7810 


8796 


7908 


8952 


8003 


0107 


8094 


9261 


8182 


0416 


9 
10 




0.7710 


0.8639 


0.7811 


0.8797 


0.7910 


0.8954 


0.8OO4 


0.911Q 


0.8096 


0.9264 


0.8184 


0.9417 




11 


7711 


864S 


7813 


8800 


7911 


8957 


8006 


9112 


8097 


9266 


8186 


9420 


11 




12 


7713 


8614 


7815 


8803 


7913 


8959 


8007 


0115 


8099 


9269 


8187 


9422 


12 




13 


7715 


8647 


7816 


8805 


7914 


8962 


8009 


9117 


8100 


9271 


8188 


9426 


18 




14 
15 


7716 


8650 


7818 


8808 


7916 


8965 


8010 


9120 


8102 


9274 


8190 


9427 


14 
16 




0.7718 


0.8652 


0.782a 


0.8811 


0.7918 


0.896710.8012 


0.9122 


0.8108 


0.9277 


0.8191 


0.9430 




16 


7720 


8055 


7821 


8813 


7919 


8970 


8014 


9125 


8106 


9279 


8193 


9432 


16 




17 


7722 


8658 


7823 


8816 


7921 


8972 


8015 


9128 


8106 


9282 


8194 


0435 


17 




18 


7723 


8660 


7825 


8818 


7922 


8975 


8017 


9130 


8108 


9284 


8195 


9438 


18 




19 
20 


7726 


8663 


782C 


8821 


7921 


8978 


8018 


9133 


8109 


9287 


8197 


9440 


19 




0.7727 


0.8666 


9.782» 


0.8824 


0.7926 


0.8980 


0.8020 


0.9135 


0.8111 


0.9289 


0.8198 


0.9448 


20 




21 


7728 


8668 


7830 


8826 


7927 


8983 


8021 


9138 


8112 


9292 


8200 


9445 


21 




22 


7730 


8671 


7831 


882S 


7929 


8985 


8023 


9140 


8114 


9296 


8201 


9448 


22 




23 


7782 


8674 


7833 


8831 


7930 


8988 


8024 


0148 


8115 


9207 


8203 


9450 


28 




24 
25 


7734 


867G 


7836 


8834 
0.8837 


7932 


8990 
0.8993 


8026 


9146 


8117 


9300 


8204 


0453 
0.9456 


24 
25 




0.7735 


0.8679 


0.7836 


0.7934 


0.8027 


0.9148 


0.8118 


0.9802 


0.8206 




2G 


7737 


8682 


7838 


8839 


7935 


8096 


8029 


9151 


8120 


9806 


8207 


9458 


26 




27 


7739 


8684 


7840 


8842 


7937 


8998 


8031 


9153 


8121 


9807 


8208 


9460 


27 




28 


7740 


8687 


7841 


8845 


7938 


9001 


8032 


9156 


8122 


0810 


8210 


9468 


28 




29 
30 


7742 


8689 


7843 


8847 


7940 


9003 


8034 


9168 


8124 


0812 


8211 


9466 


29 
30 




0.7744 


0.86911 


0.7844 


0.885U 


0.7942 


0.9006 


9.8085 


0.9161 


0.8126 


0.9815 


0.8213 


0.9468 




31 


7746 


8695 


7846 


8852 


7943 


9009 


8037 


9164 


8127 


9318 


8214 


9471 


81 




32 


7747 


8697 


7848 


8856 


7945 


9011 


8038 


9166 


8128 


9820 


8216 


9473 


82 




33 


7749 


8700 


7849 


8858 


7946 


0014 


8040 


9169 


8130 


9828 


8217 


9476 


83 




34 
35 


7751 
0.7752 


8703 


7851 


8860 


7948 


9016 


8041 


9171 


8181 


9326 


8218 


9478 


84 
35 




0.8705 


0.7863 


0.8863 


0.7949 


0.9019 


0.8048 


0.9174 


0.8183 


0.9328 


0.8220 


0.9481 




86 


7754 


8708 


7864 


8865 


7951 


9022 


8044 


9176 


8134 


9330 


8221 


9483 


80 




37 


7756 


8711 


7850 


886e 


7953 


9024 


8046 


9179 


8136 


9333 


8223 


9486 


37 




38 


7758 


8713 


7858 


8871 


7954 


9026 


8047 


9182 


8137 


9336 


8224 


9488 


88 




39 
40 


7759 


871() 


7859 


8873 


7966 


9029 


8049 


9184 

0.9187 


8139 


9338 


8225 


9491 


89 
^40 




0.7761 


0.b718 


0.7861 


0.8876 


0.7967 


0.9032 


0.8050 


0.8140 


0.9341 


0.8227 


0.9494 




41 


7763 


8721 


7863 


8879 


7959 


9036 


8052 


9189 


8142 


9343 


8228 


9496 


41 




42 


7764 


8724 


7864 


8881 


7960 


9037 


8053 


9192 


8143 


9346 


8230 


9499 


42 




•13 


7766 


8720 


7866 


8884 


7962 


9040 


8056 


9194 


8145 


934b 


8231 


9501 


43 




44 

45 


7768 


8721; 


7867 


8886 


7964 


9042 


8056 


9197 


8146 


9361 


8233 


9604 


44 




0.7769 


U.8732 


0.7869 


0.8889 


0.7965 


0.9045 


0.8068 


0.9200 


0.8148 


0.9353 


0.8234 


0.9606 


46 




46 


7771 


8734 


7871 


8892 


7967 


9048 


806a 


9202 


8149 


935C 


8236 


9509 


46 




47 


7773 


8737 


7872 


8894 


7968 


9050 


8061 


9205 


8150 


9358 


8237 


9611 


47 




48 


7774 


8740 


7874 


8897 


7970 


9053 


8003 


9207 


8152 


9361 


8238 


9614 


48 




49 
50 


7776 


8742 


7876 


8899 


7972 


9065 


8004 


9210 


8163 


9364 


8240 
0.8241 


9516 


49 
60 




0.7778 


0.8745 


0.78n 


0.8902 


0.7973 


0.9057 


0.8066 


0.9212 


0.8155 


0.9366 


0.9619 




51 


7780 


8747 


7879 


8905 


7976 


9060 


8067 


9216 


8166 


9369 


8242 


9622 


61 




52 


7781 


8750 


7880 


8907 


7976 


9063 


8069 


9218 


8158 


9371 


8244 


9624 


62 




53 


7783 


8753 


7882 


8910 


7978 


9060 


8070 


9220 


8159 


9374 


8245 


9527 


63 




54 
55 


7785 


8766 


7884 


8912 


7979 


9068 


807- 


9223 


8161 


9376 


8247 


9529 


64 
66 




0.778C 


0.8758 


0.7885 


0.8916 


0.7981 


0.9071 


0.80'«3 


0.9226 


0.8162 


0.9379 


0.8248 


0.9632 




56 


7788 


8761 


7887 


89ie 


7982 


9073 


8076 


9228 


8164 


9381 


8249 


9534 


56 




57 


7790 


8763 


7889 


892) 


7984 


9076 


8076 


9230 


. 8165 


9384 


8261 


9537 


67 




58 


7791 


876G 


7890 


8923 


7986 


9070 


8078 


9233 


8167 


9387 


8252 


95E9 


68 




59 


7793 


8769 


7892 


8926 


7987 


9081 


8079 


9236 


8168 


9389 


8254 


9542 


69 




60 
M. 


7795 


8771 


7893 


8928 


7989 


9084 


80S1 


9238 


8169 


0392 


8256 


9544 


60 
M. 




Loff. S. 


Log. T. 


Log. 8. 


Loff. T. 


Log:. S. 


Log:. T. 


Log. N. 


Log- T. 


Loff.S. 


Log. T. 


Log. S. 


Log. T. 




36° 


370 


38^ 


390 


40^ 


4 10 




APPARENT DISTANCE. 




mmmtmi 




J 
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t 


i^SAHITHMfl of 4i)e ApPAHSVT IXl6T4KCt. 1 







APPAREKT DISTANCE. 


M. 




i»^ 


1 49° 


1 50° 


610 ] 52« 


1 58® 




ijSg.9. 


Lc^.T. 


L«r.«. 


Lor. T JLur. 8. 


Log. T, 


Log. 8. 


Log. TJLog. 8. 


Log. TJLog. 8. 


Log.-i:. 




0.8711 


1.0456 


0.8778 


1.06o4>.8848 


1.07640.8906 


1.091610.8965 


1.107»).9028 


1.1229 







1 


8712 


0458 


8770 


0611 


8844 


0764 


8906 


091M 8966 


1075 


0024 


1231 


1 




2 


8718 


0461 


8780 


0618 


8845 


0769 


8907 


0921 


8067 


1077 


9025 


1234 


2 




tt 


8714 


0468 


8783 


0616| 8846 


0770 


8908 


0924 


8968 


1080 


9026 


1231 


8 




4 

5 


8716 


0466 


8782 


06191 8847 


0772 


8909 


0927 


8969 


108^ 


9027 


1239 
1.1242 


H 




0.8716 


1.0466 


0.8788 


1.06210.8848 


1.077510.8910 


1.0929 


0.8970 


1.168610.9028 




6 


8718 


0471 


8784 


0624 8849 


0777 


8911 


0932 


8971 


10881 9029 


1^45 


6 ; 




7' 


8719 


0479 


8786 


0621 8850 


0780 


8912 


093^ 


mi% 


1090 


9030 


124T 


7 ' 




8 


8720 


0476 


8787 


062( 885] 


078fl 


8918 


0937 


8978 


1093 


9031 


1250 


8 '■ 





10 


8721 


0479 


8788 


0681 8852 


0786 
1^078$ 


8914 


094Q 


8974 


1095 


9032 


1258 


9 
10 j 




0.8722 


1.0481 


).8789 


1.066( 0.8858 


0.8915 


1,0942 


).8975 


1^1098 0.9083 


1.1236 




11 ' 


8728 


0484 


8790 


0681 8854 


0790 


8916 


094^ 


8976 


lioj 


9034 


1258 


11 




12 


8724 


0486 


879(1 


0634 8855 


0796 


8917 


0947 


8977 


1108 


9035 


1260 


12 




13 


8726 


048S 


6792 


064« 8856 


0796 


8918 


0950 


8978 


HOC 


9036 


1268 


13 




14 

15 


8727 


0491 


8798 


0644 8857 


0798 


8919 


0958 


8979 


1108 


9037 


126(i 


14 
15 




0.8728 


1.0494 


K8794 


1.0647 0.8858 


i.odod 


0,8926 


1.0955 


).8980 


1.1111 


0.9038 


1.1268 




16 


8729 


0496 


8795 




8859 


0803 


892(1 


0958 


8981 


1114 


9039 


1271 


16 




17 


8780 


0499| «796 




«860 


080C 


«922 


0960 


8982 


lllfi 


9040 


1274 


17 




18 


8781 


050l| «7fir7 




8862 


080^ 


6923 


096$ 


8983 


1119 


904il 


127C 


18 




19 
20 


8782 


050d 8709 


0657 


8868 


0811 


8924 


0965 


8984 


1121 


9041 


1279 


19. 




0.8783 


1.050010.8800 


1.0659 


0.8864 


1.0813 


0.8925 


1.096» 


0.8985 


1.1124 


0.9042 


i.l2b2 


20 




21 


8734 


0509 


«801 


0602 


8865 


0816 


8926 


0971 


M986 


1127 


9043 


1284 


21 




22 


8786 


0512 


B802 


0665 


8866 


0818 


8927 


0978 


8987 


1129 


9044 


1287 


22 




23 


8787 


0514 


8808 


0667 


8867 


0821 


8928 


0976 


8988 


1132 


9045 


1289 


23 




24 
25 


8788 


0517 


8804 


0670 


8868 


0824 


8929 


0978 


8989 


1185 


9046 


12U2 


24 
25 




0.8789 


1.0519 


0.8805 


1.0672 


0.8869 


1.0826 


0.8080 


1.0981 


0.8990 


1.1137 


0.9047 


1.129o 




26 


8740 


0622 


8806 


0675 


8870 


0829 


8931 


0984 


8991 


1140 


9048 


1297 


20 




27 


8741 


0584 


8807 


0677 


8871 


0831 


8932 


0986 


8992 


1142 


9049 


1300 


27 




28 


8742 


0527 


8808 


0680 


8872 


0834 


JB983 


0989 


8903 


1145 


9050 


13Q3 


28 




29 
30 


8743 


052ti 


8809 


0689 


8873 


0836 


8934 


0991 


8994 


1148 


9051 


1305 


2y 
80 




0.8745 


1.0532 


0.8810 


1.0685 


).8874 


1.083d 


0.8935 


1.0994 


0.8995 


1.1150 


0.9052 


1.1308 


\ 


31 


8746 


0584 


8812 


0688 


8875 


0842 


8936 


0097 


8996 


1153 


9063 


131.1 


31 




32 


8747 


0537 


8813 


O690 


8876 


0844 


8937 


0999 


8997 


1155 


9054 


131;3 


32 




33 


8748 


O540 


8814 


0693 


8877 


0847 


8938 


1002 


8998 


1158 


9055 


1316 


3S 




34 
35 


8749 


0542 


8815 


0695 


8878 


0849 


8939 


1004 


8999 


1161 


9056 


1318 


34 
3d 




0.8750 


1.0545 


0.8816 


1.0698 


0.8879 


1.0852 


0.8940 


1.1007 


0.9000 


1.1163 


0.9056 


1.1321 




36 


8751 


0547 


8817 


0700 


8880 


0854 


8941 


1010 


9000 


1166 


90571 


. 1324 


36 




37 


8752 


0550 


8818 


0708 


8881 


0857 


8942 


1012 


9001 


1160 


9058 


132G 


37 




38 


8758 


0552 


8819 


0705 


8882 


0860 


8948 


1015 


9002 


1171 


9039 


1329 


38 




39 

40 


8755 


0555 


8820 


0708 


8883 


0862 


8944 


1017 


9003 


1174 


9060 


1332 


39 
40 




0.8756 


1 .0557 


0.8821 


1.0711 


0.8884 


1.0866 


0.8945 


1.1020 


0.9OO4 


1.1176 


0.9061 


1.1834 




41 


8757 


O560 


8822 


0713 


8885 


0867 


8946 


1022 


9005 


1179 


9062 


1337 


41 




42 


8758 


0562 


8823 


0716 


8887 


0870 


8947 


1026 


9006 


1182 


9063 


1340 


42 




18 


8759 


0565 


8824 


0718 


8888 


0872 


8948 


102b 


9007 


1184 


9064 


1342 


43 




""is 


8760 


0568 


8825 
K8827 


0721 


8889 


0876 


8949 


1080 
1 .1033 


9008 


1187 


9065 


1345 


44 
45 




0.8761 


1.0570 


1.0723 


0.88iK) 


1.0878 


0.8950 


0.9O09 


1.1189 


0.9066 


1.1348 




46 


8762 


0573 


8828 


072€ 


8801 


0880 


8951 


1035 


9010 


1192 


9067 


1350 


46 


I 

1 


47 


8768 


i0&75 


8829 


0729 


8892 


0883 


8952 


1038 


9011 


1195 


9068 


1353 


47 


I 


48 


876» 


f0^8 


8830 


0781 


8893 


0885 


8953 


1041 


9012 


1197 


9069 


1356 


48 


1 


49 
50 


8766 


0580 


8881 


0734 


8894 


0888 


8954 


1043 


9013 


1200 


9069 


1358 


49 
60 


, 


0.8767 


1.0583 


0.8882 


1.0736 


0.8895 


1.0890 


0.8955 


1.1046 


0.9014 


1.1203 


0.9070 


1.1361 


. 


51 


8768 


0585 


8833 


0789 


8886 


0^3 


8956 


1048 


9015 


1205 


9071 


1364 


61 


1 

t 
1 


52 


8769 


0588 


8884 


0741 


8807 


0896 


8967 


1051 


9016 


120S 


9072 


1366 


52 


i 


53 


8770 


0591 


8885 


0744 


8808 


080& 


89168 


1064 


9017 


1210 


9073 


1869 


53 




54 
55 


8771 


0593 


8836 


0746 


8899 


0901 


8959 


1056 


9018 


1213 
1.1216 


9074 


1371 


54 
55 


' 


0.8772 


1.0590 


0.8837 


1.0749 


).8900 


1.0903 


0.8960 


1.1059 


0.9019 


0.9075 


1.1874 




56 


8778 


0598 


8888 


0752 


8901 


0906 


8961 


1061 


9020 


1218 


9076 


1877 


56 




57 


8775 


0601 


8839 


0754 


8902 


0901* 


8962 


1064 


9021 


1221 


9077 


13^79 


67 




58 


8776 


.0603 


8840 


0757 


8903 


0911 


8063 


1067 


9022 


1224 


9078 


1882 


58 




59 


8777 


0606 


8841 


0750 


8Q04 


0914 


8961 


10G& 


9023 


1226 


9079 


1385 


69 




60 
M. 


8778 


0608 


8843 


0762 


8905 


091 li 


8965 


1072 


9023 


1229 


9080 


1887 


60 
M. 

f 




Logr. 8. 


liOff.T. 


Log. S. 


Los. Th 


Log. 8, 


Log. T. 


Log. a. 


[Log. T. 


Log. 8. 


Log. T. 


Log. 8. 


Log. T. 




48° 1 49° 


60<^- 


610 


520 


580 




APPARENT DISTANCE. 


m 
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Logarithms of the Apparent Distakcs. 




M. 




APPARENT DISTANCE. 


60 




60O 


010 


62^ 


63« 1 


049 1 65° 




hog. 8. 


Log. T. 


Log. 8. 


Log. T. 


Log. 8. 


Log. T. 


Log. 8. 


Log. T. 


Log. 8 


Log. TJLog. 8. 


Log. T. 




0.9375 


1.2386 


0.9418 


1.25621 


0.9459 


1.274310.9499 


1.2928 


0.9687 


1.8118|o.9673 


1.8813 




1 


9376 


2389 


9419 


2565 


9460 


2746 


9499 


2931 


9537 


8121 


9673 


8317 


59 




2 


93177 


2391 


9420 


2568 


9461 


2749 


9600 


2935 


9638 


8125 


9674 


8820 


58 




S 


9377 


2394 


9420 


2671 


9461 


2762 9601 


2938 


9688 


8128 


9576 


8323 


67 




4 


9878 


2397 


9421 


2574 


9462 


2765 


9501 


2941 


9539 


8181 


9675 


8826 


56 
55 




5 


0.9379 


1.2400 


3.9422 


1.2577 


0.9463 


1.2759 0.9502 


1.2944 


0.9540 


1.813410.9670 


1.3830 




6 


9380 


2403 


9422 


2580 


9463 


2762 


9608 


9947 


9640 


8137 


9676 


3883 


54 




7 


9380 


2406 


9423 


2683 


0464 


2765 


9603 


2960 


9641 


8141 


9677 


8336 


68 




8 


9381 


2409 


9424 


2586 


9465 


2768 


9j>04 


2963 


9642 


8144 


9677 


8340 


62 





10 


9882 


2412 


9424 


2589 


9465 


2771 


9506 


2967 


9542 


8147 


9678 


3343 


61 

50 


1 


0.9383 


1.2415 


0.9425 


1.2592 


0.9466 


1.2774 


0.9606 


1.2960 


0.9643 


1.3160 


0.9579 


1.8346 




11 


9383 


2418 


9426 


2595 


9467 


2777 


9606 


2963 


9648 


8164 


9679 


8350 


49 




12 


9384 


2421 


9427 


2598 


9467 


2780 


9606 


2966 


9544 


8167 


9680 


3363 


48 




13 


9385 


2424 


9427 


2601 


9468 


2783 


9607 


2969 


9546 


8160 


9680 


8866 


47 




14 
15 


9385 


2427 


9428 


2604 


9469 


2786 


9508 


2972 


9645 


8163 


9681 


8360 


46 
45 




0.9386 


1.2429 


0.9429 


1.2607 


0.9469 


1.2781/ 


0.9608 


1.2975 


0.9546 


1.8166 


0.9682 


1.8863 




16 


9387 


2432 


0429 


2610 


9470 


2792 


9509 


2978 


9646 


8170 


9582 


8866 


44 




17 


9388 


2435 


0480 


2613 


9471 


2795 


9510 


2982 


9647 


8178 


9688 


8870 


48 




18 


9388 


2438 


9481 


2616 


9471 


2796 


9610 


2985 


9648 


8176 


9583 


3373 


42 




19 
20 


9389 


2441 


9431 


2619 


9472 


2801 


9511 


2988 


9548 


8179 
1.3183 


9584 
0.9584 


3376 
1.3380 


41 

40 




0.9390 


1.2444 


0.9432 


1.2622 


0.0473 


1.2804 


0.9612 


1.2991 


0.9549 




21 


9391 


2447 


9433 


2625 


9473 


2808 


9512 


2994 


9549 


8186 


9585 


3383 


89 




22 


9391 


2450 


9433 


2628 


9474 


2811 


9513 


2997 


9560 


8180 


9586 


8886 


38 




23 


9392 


2453 


9434 


2631 


9476 


2814 


9513 


3001 


9561 


8192 


9586 


8390 


87 




24 
25 


9303 


2456 


9435 


2634 
1.2637 


9475 


2817 


9514 


8004 


9651 


3196 


9587 


8893 


86 
86 




0.9303 


1.2451; 


0.9436 


0.9470 


1.2820 


0.9616 


1.3007 


9.9652 


1.3199 


0.9587 


1.3396 




26 


9394 


2462 


9436 


2640 


9477 


2823 


9515 


8010 


9652 


3202 


9588 


8400 


84 




27 


9395 


2465 


9487 


2643 


9477 


2826 


9616 


8013 


9663 


8205 


9588 


8403 


83 




28 


9396 


2468 


9438 


2646 


9478 


2829 


9517 


3016 


9654 


3209 


9589 


8406 


82 




29 
30 


939G 


2471 


9438 


2640 


9479 


2832 


9517 


3019 


9554 


3212 


9590 


8410 
1.3413 


81 
30 




0.9397 


1.2474 


0.9439 


1.2652 


0.9479 


1.2835 


0.9618 


1.8023 


0.9555 


1.3215 


0.9590 




31 


9398 


2477 


9440 


2655 


9480 


2838 


9519 


3026 


9555 


3218 


9591 


8416 


29 




32 


9398 


2479 


9440 


2658 


9481 


2841 


9619 


8020 


9556 


8222 


9691 


8420 


28 




33 


9399 


2482 


9441 


2661 


9481 


2844 


9520 


8032 


9557 


3225 


9592 


3423 


27 




34 
35 


9400 


2485 


9442 


2664 


9482 


2848 


9520 


3035 


9557 


3228 


9503 


3426 
1.3430 


26 
26 




0.9401 


1.2488 


0.9442 


1.2667 


0.9483 


1.2851 


0.9521 


1.303b 


0.9558 


1.3231 


0.9593 




36 


9401 


2491 


9443 


2670 


9483 


2864 


9522 


3042 


9558 


3235 


9594 


3433 


24 




37 


9402 


2494 


9444 


2673 


9484 


2857 


9622 


3045 


9559 


3238 


9594 


3436 


23 




38 


9403 


2497 


9444 


2676 


9485 


2860 


9523 


3048 


9660 


3241 


9595 


3440 


22 




39 
40 


9403 


2500 


9445 


2680 


9485 


2863 


9524 


3051 


9560 


3244 


9595 


3143 


21 
20 




0.9404 


1.2503 


0.9446 


1.2683 


0.9486 


1.2866 


0.9524 


1.3054 


0.9561 


1.324b 


0.9506 


I. 3147 




41 


9405 


2506 


9447 


2686 


9486 


2869 


9525 


3058 


9561 


3251 


9507 


3450 


19 




42 


9406 


2509 


9447 


2689 


9487 


2872 


9525 


8061 


9562 


3254 


9597 


8453 


18 




43 


9406 


2512 


9448 


2692 


9488 


2875 


9526 


3064 


9563 


3257 


9598 


3457 


17 




44 
45 


9407 


2515 


9448 


2695 


9488 


2879 


9527 


3067 


9563 


3261 


9598 


3460 


16 
15 




0.9408 


1.2518 


0.9449 


1.2698 


0.9489 


1.2882 


0.9527 


1.3070 


0.9564 


1.3264 


0.9590 


1.3463 




46 


9108 


2521 


9450 


2701 


9490 


2885 


9528 


8073 


9564 


3267 


9599 


3467 


14 




47 


9409 


2524 


9451 


2704 


9490 


2888 


9629 


3077 


9565 


3271 


9600 


3470 


18 




48 


9410 


2527 


9451 


2707 


9491 


2891 


9529 


3080 


9566 


3274 


9001 


3473 


12 




49 
50 


9410 


2530 


9452 


2710 


9492 


2894 


9530 


3083 


9566 


3277 


9601 


3477 
1.3480 


11 
10 




0.9411 


1.2533 


0.9453 


1.2713 


0.9492 


1.2897 


0.953U 


1.308( 


0.9567 


1.3280 


0.9Q02 




61 


9412 


2536 


9453 


2716 


9493 


2900 


9531 


3080 


9567 


3284 


9602 


3484 







52 


9413 


2539 


9454 


2719 


9494 


2903 


9532 


3093 


9568 


8287 


9603 


3487 


8 




53 


0413 


2542 


9455 


2722 


9494 


2907 


9532 


3096 


9569 


8290 


9603 


3490 


7 




54 
55 


9414 


2545 


9455 


2725 


9495 


2910 


9533 


3090 


0560 


3294 


9604 


3404 


6 
5 




0.9415 


1.2548 


0.9456 


1.2728 


J. 9496 


1.291;^ 


0.9534 


1.3102 


0.9570 


1.3297 


0.0604 


1.3497 




56 


9415 


2551 


9457 


2731 


9496 


2910 


9534 


3105 


9570 


3300 


9605 


3501 


4 




57 


9416 


2554 


9457 


2734 


9497 


2919 


9535 


3109 


9571 


3303 


960G 


350: 


8 




58 


9417 


2557 


9458 


2737 


9498 


2922 


9535 


3112 


9672 


3307 


9606 


3507 


2 




59 


9417 


2560 


9459 


2740 


9498 


2925 


9536 


3115 


9672 


3310 


9607 


3511 


1 




60 


9418 


2562 


9459 


2743 


9499 


2928 


9537 


811h 


9573 


3313 


9607 


3514 



M. 




Log. S. 


Lop. T. 


Log. S. 


Log. T. 


Log. 8. 


Log. T. 


Log. 8. 


Log. T. 


Log. 8. 


Loc. T 


Li^g. 8. 


Log. T. 




1190 


118° 


1170 


116^ 


1 116^ 
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APPARENT DISTANCE. 


L 
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5% 





1 

2 
3 
4 

6 
6 

7 
8 
9 
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12 
13 
14 

15 
16 
17 

18 
19 

20 
21 
22 
23 
24 

25 
26 
27 

28 
29 

30 
31 
32 
33 
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35 
36 
37 
38 
39 

40 
41 
42 
43 
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45 
46 
47 

48 
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720 



Log. 8. 



0.9782 
9782 
9783 
9783 
9784 



0.9784 
9785 
9785 
9785 
9786 



0.9786 
9787 
9787 

9787 
9788 



0.9788 
9789 
9789 
9789 
9790 



0.9790 
9791 
9791 
9791 
9792 



0.9792 
9793 
9793 
9793 
9794 



0.9794 
9795 
9795 
;j95 
9/96 



Log. T. 



1.4882 0.9806 



4887 
4891 
4895 
4899 



1.4904 
4908 
4912 
4917 
4921 



1.4925 0.9810 



4930 
4934 
4938 
4943 



1.4947 
4951 
4956 
4960 
4965 



1.4969 
4973 
4978 
4982 
4986 



10.9814 
9814 
9814 
9815 
9816 



1.4991 
4995 
5000 
5004 
50 08 

1.5013 
5017 
5022 
5020 
5030 



0.9798 
9797 
9797 
9797 
9798 



1.5035 
5039 
5044 
504^ 
5053 



0.9798 
9799 
9799 
9799 
9800 



0.9800 
9801 
9801 
9801 
9802 



50 
51 
52 
53 
54 



55 
56 
57 
58 
59 
69 



0.9802 
9802 
9803 
9803 
9804 



0.9804 
9804 
9805 
9805 
9806 
9806 



l.?057 
5061 
5066 
5070 
6075 



1.6079 
6084 
6088 
6002 
5097 



5106 
6111 
5116 
61201 



730 



Log. 8. 



9806 
9807 
9807 
9807 



10.9808 
9808 
98091 
9809 
9809 



9810 
9811 
9811 
981! 



0.9812 
9812 
9812 
9813 
9813 



0.9815 
9816 
9816 
9817 
9817 

0.9817 
9818 
9818 
9818 
9819 



0.9819 
9820 
9820 
9820 
9821 



0.9821 
9821 
9822 
9822 
9S23 



9823 
9823 
9824 
9824 
9824 



1.510:^0.9825 



Log. T. 



1.6147 
6161 
5156 
6160 
6165 



1.6169 
6174 
6178 
6183 
6187 



1.6192 0.9832 



6197 
5201 
6206 
6210 



1.5215 
6219 
6224 
6229 
6233 



1.5238 
6242 
6247 
6252 
6256 



5289 
6293 
6298 
6303 



1.6307 
6312 
6317 
6321 
632^ 



1.6331 
6335 
6340 
6345 
5350 



1.6354 
6359 
5363 
6368 
6373 



1 .6124 
6129 
6133 
6138 
6142 



I 



9806 5147 
Log. 8. fLogTrl 



1070 



9825 
9826 
9826 
9826 



0.9827 
9827 
9827 

9828 
9828 
9S28 



Log, 8. 



1.5378 
6382 
6387 
639"^^ 
6397 



1.6401 
6406 
6411 
6416 
5120 
6425 



740 



Lug. 8. Log. T 



10.9828 
9829 
9829 
9829 
9830 



0.9830 
9831 
9881 
9831 
9832 



9832 
9833 
9833 
9833 



^.9834 
9834 
9835 
9835 
9835 



0.9836 
9836 
9836 
9837 
9837 



1.62610.9837 
6285 9338 
6270 9838 
5275 9838 
5279 9839 



1.52810.9839 



9839 
9840 
9840 
9840 



10.9841 
9841 
9842 
9842 
9842 



10.9843 
9843 
9843 
9844 
9844 



10.9844 
9845 
9845 
9845 
9846 



0.9846 
9846 
9847 
9847 
9847 



9848 
9548 
9S40 
9849 
9849 



Log. T . |Log. 8. 
6P I K 



750 
Log. 8. L<^. T. 



1.6425 
6430 
6435 
6439 
6444 



10.9849 
9850 
9850 
9860 
9851 



1.6449 0.9861 



6454 
6459 
6463 
6468 



1.6473 
6478 
6483 
6487 
6492 



1.6497 
6502 
6607 
6512 
6516 



1.5621 
6626 
6631 
6636 
5641 



6575 

6580 
6585 
6590 



1.6595 
6600 
6605 
6610 
6614 



6624 
6629 
5634 
6639 



1.5644 
5649 
6654 
6659 
6664 



1.6669 
6674 
6679 
5684 
56891 



0.984b 1.6694 



6699 
6704 
6709 
5714 



9851 
9852 
9852 
9852 



0.9853 
9853 
9853 
9854 
9854 



0.9854 
9855 
9855 
9855 
9856 



0.9856 
9856 
9857 
9857 
9857 



1.6822 
6827 
6832 

5837 
68^1^ 



1.6546 0.9858 
6651 9858 
6565 9858 
6660 9869 
6565 9869 



1.5570 0.9859 



9860 
9860 
9860 
9861 



0.9861 
9861 
9862 
9862 
9862 



1.5019 0.9863 



9863 
9863 
9864 
9864 



0.3864 
9865 
9865 
9865 
9866 



10.9866 
9866 
9867 
9867 
9867 



0.9868 
9868 
9868 
9868 
9869 
9869 



106P 



106" 



JtiO! 



Log. TJtiOg. ii 



1.6719 0.9869 



6725 
6730 
5736 
6740 



1.6746 0.9871 



6750 
6766 
6760 
6765 



1.6770 0.9872 



6776 

6780 

6786 

_5791 

1.6796 
6801 
680^ 
6811 
6816 



1 .6847 
6853 

6868 
6863 
6868 



l.6b7S 

6879 
6884 
6889 
6894 



6905 
6910 
6915 
5921 



6931 
6936 
6942 
6947 



1.5952 
6958 
6963 
6968 
6973 



1.597! 
6984 
5989 
5995 
600(^ 



1.6005 
6011 
6016 
6022 
6027 
60321 



Log. T 



1040 



76*^ 



Log. 8. 



9869 
0870 
0870 
0870 



0871 
9871 
9872 
987;: 



9872 
9873 
0873 
9873 



0.9874 
9874 
9874 
9875 
9875 



0.9876 
9876 
9876 
9876 
9876 



0.9877 
9877 

0877 
9878 
9878 



0.9878 
9879 
9879 
9879 
9880 



1.5900 0.9880 



9880 
9880 
9881 
9881 



1.6926 0.9881 



9882 
9882 
9882 
9883 



0.9d83 
9883 
9883 

9884 
9884 



0.9884 

9885 
9885 
9886 
9885 



9886 

9886 
9887 
9887 
9887 



LojBT.S. 



Log. T. Log. 8. |Log. T. 



1.60SS 0.0887 



60381 

6043 
6048 
6064 



1.6069 0.9889 



6065 
6070 
6076 

6081 



1.6086 0.9890 



6002 
6007 
6103 
6108 



1.0114 
6119 
6125 
6130 
6136 



1.6141 
6147 
6162 
6158 
6163 



6174 
6186 
6185 
6191 



1.6196 



6208 
6213 
6219 



6241 
6247 



TT^ 



9888 
0888 
0888 
0888 



0680 
0880 
0800 
0800 



9890 
0891 
0801 
0891 



0.9892 
0892 
9892 
0802 
9693 



0.0803 
0603 
0804 
0894 
9894 



1.6488 
6489 
6406 
6501 
6607 



1.6169 0.0894 



9695 
9895 
9895 
9696 



9.9896 



6202 9896 



9896 
9897 
9897 



1.6224 0.9897 
6230 0897 
62361 0898 
0808 



1.6252 
6258 
6264 
6269 
6275 



1.6281 
6286 
6292 
629h 
6303 



6315 
6320 
6326 
6332 



J. 98861. 0338 



6343 
6349 
6355 
6361 
6360 



Log. T. 



iu.y 



0808 



0.0809 
0809 
0809 
0809 
0000 



0.0900 
0900 
9901 
9901 
9901 



1.6309 0.99011.6664 



9902 
9902 
9902 
9902 



0.9903 
9903 
9903 
9904 
9904 
9904 



Log. 8. 



1.63661 
6872 
6878 
6884 
6889 



1.6806 
6401 
6407 
6418 
6410 



1.6424 
6430 
6486 
6442 
6448 



1.6464 
6450 
6466 
6471 
6477 



1.6318 
6619 
6526 
6531 
6636 



1.6542 
6548 
6554 
6660 
6666 



1.6672 
6678 
6684 
6591 
6697 



1.6603 
6609 
6616 
6621 
6627 



1.6633 
6639 
6645 
6651 
6667 



6670 
6676 
6682 
6688 



1.6694 
6700 
6707 
6713 
6719 
6725 



Log. T. 



102° 



60 
60 
58 

1 67 
56 



55 
54 

58 
5S 
51 



50 
40 
48 
47 
46 



45 
44 
48 
42 
41 



40 
SO 
88 
37 
86 



85 
84 
38 
33 
31 



80 
20 
28 
27 
26 



25 
24 
28 
22 
21 



20 
19 
18 
17 
16 



16 
14 
13 
12 
11 



10 


8 
7 
6 



6 
4 
3 
2 
1 




M. 



APPARENT DISTANCE. 
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54 TABLE XVI. | 




LooARiTHMS of the Apparent Distance. 1 







APPARENT DI8TANCE. 




S49 


85® 


86® 


87^ 


88^ 


1 890 


Log. 6, 


Loff. T. 


Log. 8. 


hog. T. 


Lug. 8. 


Log. T. 


Log. 8. 


Log. T. 


Log. 8. 


hog, T. 


[Log.S. 


Log.T. 


0.9970 


1.9784 


0.9983 


2.0580 


0.9989 


2.1554 


0.9994 


2.2806 


0.9907 


2.4569 


0.9999 


2.7581 


60 




1 


9976 


9796 


9984 


0595 


0989 


1572 


9994 


2830 


0097 


4606 


0009 


7664 


60 




2 


9976 


9808 


9984 


0610 


9990 


1590 


9994 


2855 


0097 


4642 


0000 


7728 


68 




3 


9977 


9820 


9084 


0624 


9000 


1608 


0904 


2879 


9997 


4679 


0099 


7804 


67 




4 
5 


9977 


0833 


9984 


0639 


0000 


1627 


9994 


2904 


0998 


47l7 


9909 


7880 


66 
56 


0.9977 


1.9845 


0.9084 


2.0654 


O.OOOO 


2.1645 


0.9094 


2.2929 


0.9998 


2.4754 


0.9O99 


2.7960 




6 


9977 


0857 


0084 


0669 


0990 


1664 


0094 


2964 


0998 


4792 


9090 


8088 


64 




7 


9977 


9870 


0084 


0684 


9000 


1683 


0095 


2070 


0098 


4830 


0009 


8120 


58 




8 


9977 


9882 


0084 


0698 


0000 


1701 


0095 


3004 


0908 


4869 


9999 


6202 


62 




9 
10 


9977 


9895 


0084 


0713 


0990 


1720 


0006 


8029 


0008 


4908 


1.0000 


8287 


61 

60 


0.9977 


1.9907 


0.0086 


2.0728 


0.0000 


2.1789 


0.0006 


2.3055 


0.0008 


2.4947 


1.0000 


2.8373 




11 


9978 


0920 


0985 


0744 


0000 


1758 


0095 


8081 


0098 


4987 


0000 


8460 


49 




12 


9978 


9932 


9985 


0769 


0900 


1777 


0005 


8106 


0008 


6027 


0000 


8650 


48 




13 


9978 


9945 


9985 


0774 


0001 


1796 


0995 


8132 


0998 


60^7 


0000 


8641 


47 




14 
15 


9978 


0967 


9985 


0789 


0991 


1815 


9995 


816£ 


9998 


6108 


0000 


8735 


46 
46 


0.997b 


1.9970 


0.9985 


2.0804 


0.9901 


2.1835 


0.9995 


2.8185 


0.9998 


2.5149 


1.0000 


2.8830 




16 


9978 


9983 


9985 


0820 


9991 


1854 


9995 


8211 


9998 


5191 


0000 


8928 


44 




17 


9978 


9995 


9985 


0835 


9991 


1874 


9995 


3238 


9998 


6233 


0000 


9028 


48 




18 


9978 


2.000b 


0986 


0850 


9991 


1898 


9995 


3204 


9998 


6275 


0000 


9180 


42 




19 
20 


9979 


0021 


9985 


0866 


9991 


1913 


9995 


8291 
2.3318 


9998 


631b 


0000 


9235 


41 

40 


0.9979 


2.0034 


0.9986 


2.0882 


0.9991 


2.1933 


0.9995 


0.9998 


2.5362 


1.0000 


2.9342 




21 


9979 


0047 


9986 


0897 


9991 


1952 


9995 


3346 


9998 


6405 


0000 


9452 


30 




22 


9979 


0060 


9986 


0913 


9991 


1972 


9995 


8373 


9998 


6449 


0000 


9565 


38 




23 


9979 


0073 


9986 


0929 


9991 


1992 


9995 


8401 


9998 


6494 


0000 


9681 


87 




21 
25 


9979 


0086 


9986 


0944 


9991 


2012 


9996 


3429 


9998 


6539 


0000 


9799 
2.9922 


36 
35 


0.9979 


2.0099 


0.9986 


2.0960 


0.9991 


2.2033 


0.9996 


2.3456 


0.9998 


2.5584 


1.0000 




26 


9979 


0112 


9986 


0976 


9992 


2053 


9996 


8485 


9998 


6630 


0000 


3.0018 


34 




27 


9980 


0126 


9986 


099S 


9992 


2073 


9996 


8513 


9998 


6677 


0000 


0177 


83 




28 


9980 


0138 


0086 


1008 


9992 


2094 


9996 


3541 


9998 


6721 


0000 


0311 


82 




29 
30 


9980 


0151 


0986 


1024 


9992 


2114 


9996 


8670 


9998 


6771 


0000 


0449 
3.0591 


31 
30 


0.9980 


2.0164 


9987 


2.1040 


0.9992 


2.2135 


0.9996 


2.3599 


0.9999 


2.6819 


1.0000 




31 


9930 


0178 


9987 


1056 


9992 


2156 


999G 


3626 


9999 


6868 


0000 


0789 


20 




32 


0980 


0191 


9^87 


1073 


0092 


2177 


9996 


3667 


9999 


5917 


0000 


0891 


28 




33 


9980 


0204 


0087 


1089 


9092 


'2198 


9996 


8687 


9999 


6967 


0000 


1049 


27 




34 
35 


9980 


0218 


0087 


1105 


9992 


2219 


9996 


8717 


9999 


6017 


0000 


1213 


26 
25 


0.9981 


2.0231 


0.0087 


2.1122 


0.9992 


2.2240 


0.9996 


2.3746 


0.9999 


2.6068 


l.000«> 


3.1383 




36 


9981 


0244 


0087 


1138 


9992 


2261 


9996 


3777 


9999 


6119 


0000 


1561 


24 




37 


9981 


02S8 


0987 


1155 


9992 


2283 


0990 


3807 


9999 


6171 


0000 


1746 


23 




38 


9981 


0271 


9987 


1171 


9992 


2304 


9996 


8837 


9999 


6221 


0000 


1938 


22 




39 
40 


9981 


0285 


9987 


1188 


9993 


2326 


9996 


3868 


9999 


6277 


0000 


2140 


21 
20 


0.9981 


2.0299 


0.9988 


2.1205 


0.9993 


2.234b 


0.9996 


2.8899 


0.9999 


2.6331 


1.0000 


3.2352 




41 


9981 


0312 


9988 


1222 


9993 


2369 


9996 


3930 


9999 


6886 


0000 


2575 


10 




42 


9981 


0326 


0088 


1238 


9993 


2391 


9996 


3962 


9999 


6441 


0000 


2810 


18 




43 


9982 


0340 


0088 


1255 


9993 


2413 


9997 


8993 


0999 


6497 


0000 


8058 


17 




44 
45 


9982 


0354 


0088 


1272 


9993 


2435 


9997 


4025 


9999 


6564 


0000 


3322 
3.8602 


16 
15 


0.9982 


2.0367 


0088 


2.1289 


0.0003 


2.245b 


0.9997 


2.4057 


0.9999 


2.6611 


1.0000 




46 


9982 


0381 


0088 


1306 


0993 


2480 


0997 


4089 


9999 


6670 


OOOOi 3901 


14 




47 


9982 


0395 


0088 


1324 


0093 


2502 


9997 


4122 


9999 


•6729 


0000 


4223 


18 




48 


9982 


040S 


0088 


1341 


9993 


2525 


9997 


4165 


9999 


678«J 


0000 


4571 


12 




49 
50 


9982 


0423 
2.0437 


0088 
0.0089 


1358 


0003 


2548 


9907 


4188 


9999 


6860 


0000 


4949 
3.6363 


11 

10 


0.9982 


2.1370 


0,099.t 


2.2571 


0.9997 


2.4221 


().9999 


2.6911 


1.0000 




51 


9982 


0451 


9989 


1393 


9993 


2594 


9997 


4255 


9999 


6974 


0030 


6820 







52 


9983 


0166 


9989 


1411 


9993 


2617 


9997 


4289 


9999 


7087 


0000 


6332 


8 




53 


9983 


0480 


9989 


1428 


9994 


2040 


9997 


4323 


9999 


7101 


0000 


6912 


7 




54 
55 


9983 


0494 


9989 


1440 


9994 


2663 


9997 


4357 


9999 


7167 


0000 


7581 


6 
5 


0.9983 


2.0508 


0.9989 


2.1464 


0.9994 


2.2687 


0.9997 


2.4392 


0.9999 


2.723S 


1.0000 


3.8378 




56 


9983 


0523 


9989 


1482 


0904 


2710 


•0997 


4427 


9999 


7300 


0000 


0342 


4 




57 


9983 


0537 


9989 


1499 


0004 


2734 


• 9997 


4462 


0099 


7369 


0000 


4.0592 


8 




58 


9983 


0552 


9989 


1517 


0004 


2758 


9997 


4497 


9999 


7438 


0000 


2352 


? 




59 


9983 


0566 


9989 


1535 


0994 


2782 


9997 


4533 


9999 


7509 


0000 


6363 


1 


V 


60 


9983 


0580 


0089 


1554 


9994 


2806 


9997 4669 


0999 


7581 


0000 




M. 


Log. 8. 


hog. T. 


Log. 8. 


Log. T. 


Log. 8. 


Loff. T. 


Log. ». Log. T. 


Log.S. Log. T. 


Log. 8. 


Log.T. 


95° j 


■ 04O 1 


93^ 1 


1 92° 


i)!^ 


90O I 


APPARENT DISTANCE. 





TABLE XVH. 55 


\ 


Logarithms of the First and Second Correction. 


The Pint Correction is alwayt to be taken from the Top, and abo the Second, when the 




Apparent Distance is greater than 9(K>. 


s. 




2 DEGREES. 


60 


0* 


1' 


2' 


3' 


4' 


5' 


6' 


V 


8' 


9* 


lO' 


11' 


l.OOOO 


1.0021 


1.004iJ 


1.0073 


l.OOOfc 


1.0122 


1.0147 


1.0172 


1.0197 


1.0223 


1 .0246 


.1.0274 


1 


OOOQ 


0021 


004S 


0073 


009£ 


0123 


014£ 


0173 


019£ 


i 0223 


024S 


\ 0274 


59 


2 


0001 


0025 


004S 


0074 


009g 


0123 


0146 


0173 


0198 


1 0224 


0241J 


> 0275 


58 


3 


0001 


0025 


005C 


0074 


OOOfi 


0124 


0146 


0174 


019S 


1 0224 


025C 


1 0275 


57 


4 
5 


0002 


0026 


OO50 


0075 


009S 


0124 
1.0124 


01411 
1.014<j 


0174 


019S 


1 0224 


025C 


1 0276 


56 
55 


1.000'J 


1.0026 


1.0051 


1.0075 


l.OlOfl 


1.0171 


1.020i 


11.0225 


1.025C 


1 l.027(j 


6 


0002 


0027 


0051 


0075 


0100 


012a 


O150 


0175 


020c 


1 0225 


025] 


0276 


54 


7 


0003 


0027 


0051 


0076 


OlOC 


0125 


0156 


0175 


0200 


1 0226 


0251 


0277 


53 


8 


0003 


0027 


0052 


0076 


0101 


0126 


0151 


0176 


0201 


0226 


025S 


. 0277 


52 


9 
10 


0001 


0028 


0052 


0077 


0101 


0126 


0151 


0176 


0201 


0227 


0232 


027£ 
1.0278 


51 
50 


1.0004 


1.0028 


1.0053 


1.0077 


1.0102 


1.0126 


1.0151 


1.0176 


1.0202 


1.0227 


1.0252 


11 


0001 


0020 


0053 


0077 


0102 


0127 


0152 


0177 


0202 


0227 


0253 


0279 


49 


12 


OOOJ 


0029 


0053 


0078 


0103 


0127 


0152 


0177 


0202 


0228 


0253 


0279 


48 


13 


0005 


0029 


0054 


0078 


0103 


0128 


0153 


0178 


0203 


0228 


0253 


0279 


47 


14 
15 


0006 


0030 


0054 


0079 


0103 


0128 
1.0129 


0153 
1.0153 


0178 


0203 


0229 


0254 


0280 
1.0280 


46 
45' 


1.0000 


1.0030 


1.0055 


1.0079 


1.0104 


1.0179 


1.0204 


1.0229 


1.0255 


IC 


0006 


0031 


0055 


0080 


0104 


0129 


0154 


0179 


0204 


0230 


0255 


0281 


44 


17 


0007 


0031 


0055 


0080 


0105 


0129 


0154 


0179 


0205 


0230 


0255 


0281 


43 


18 


0007 


0031 


0050 


0080 


0105 


0130 


0155 


0180 


0205 


0230 


0256 


0282 


42 


19 

20 


0008 
1.0008 


0032 
1.0032 


0056 


0081 


0105 


0130 


0155 


0180 


0205 


0231 


0256 


0282 


41 

40 


1.0057 


1.0081 


1.0106 


1.0131 


1.0156 


1.0181 


1.0206 


1.0231 


1.0257 


1.0282 


21 


0008 


0033 


0057 


00S2 


0106 


0131 


0156 


0181 


0207 


0232 


0257 


0283 


39 


22 


0009 


0033 


0057 


0082 


0107 


0131 


0156 


0181 


0207 


0232 


025b 


0283 


38 


23 


0009 


0034 


0058 


0082 


0107 


0132 


0157 


0182 


0207 


0233 


0258 


0284 


37 


24 
25 


0010 


0034 


0058 


0083 


0107 


0132 


0157 


0182 
1.0183 


0208 


0233 


0258 


0284 


86 
35 


1.0010 


1.0034 


1.0059 


1.0083 


1.0108 


1.0133 


1.0158 


1.0208 


1.0233 


1.0259 


1.0285 


26 


0010 


0035 


0059 


0084 


0108 


0133 


0158 


0183 


0208 


0284 


0259 


0285 


34 


27 


0011 


0035 


0060 


0084 0109 


0134 


0158 


0184 


0209 


0234 


0259 


0285 


33 


28 


0011 


0036 


0060 


0084 0109 


0134 


0159 


0184 


0209 


0235 


0260 


0286 


32 


29 
80 


0012 


0036 
1.0036 


0060 


0085 


0110 


0134 


0159 
1.0160 


0184 


0210 


0235 


0260 


0286 


81 
30 


1.0012 


1.0061 


1.0085 


l.OllO 


1.0185 


1.0185 


1.0210 


1.0235 


1.0261 


1.0287 


31 


0012 


0037 


0061 


0086 


0110 


0135 


0160 


018.1 


0211 


0236 


0261 


0287 


29 


32 


0013 


0037 


0062 


0086 


0111 


0136 


0161 


0186 


0211 


0236 


0261 


0288 


28 


33 


0013 


0038 


0P62 


0087 


0111 


0136 


0161 


0186 


0211 


0237 


0262 


0288 


27 


. 84 
35 


0014 


0038 


0062 


0087 


0112 


0136 
1.0137 


0161 


0187 


0212 


0237 
1.0288 


0262 
1.0263 


028b 


26 
25 


1.0J14 


1.0038 


1.0063 


1.0087 


1.0112 


1.0162 


1.0187 


1.0212 


1.0289 


86 


0015 


0039 


0003 


0088 


0112 


0137 


0162 


0187 


0213 


0238 


0263 


0289 


24 


87 


0015 


0039 


0064 


0088 


0113 


0138 


0163 


0188 


0213 


0238 


0264 


0290 


23 


38 


0015 


0040 


0064 


0089 


0113 


0138 


0163 


0188 


0213 


0239 


0264 


0290 


22 


39 


0016 


0040 
1.0040 


0064 


0089 


0114 


0139 


0163 


0189 


0214 
1.0214 


0239 
1.0240 


0264 


0291 
1.0291 


21 

20 


40 


1.0016 


1.0065 


1.0080 


1.0114 


1.0139 


1.0164 


1.0189 


1.0265 


41 


0017 


0041 


0005 


0090 


0114 


0139 


0164 


0189 


0215 


0240 


0266 


0291 


19 


42 


0017 


0041 


0086 


0090 


0115 


0140 


0165 


0190 


0215 


0241 


0266 


029--; 


18 


43 


0017 


0042 


006() 


0091 


0115 


0140 


0165 


0190 


0216 


0241 


0267 


029;! 


17 


44 
45 


0018 


0042 


0066 


0091 


0116 


0141 


0166 


0191 


0216 


0241 


0267 


0293 


16 
15 


1.0018 


1.0042 


1,0057 


1.0091 


1.0116 


1.0141 


1.0166 


1.0191 


1.0216 


1.0242 


1.026< 


1.029;s 


46 


0019 


0043 


0007 


0092 


0117 


0141 


0166 


0192 


0217 


0242 


0268 


0294 


14 


47 


0019 


0043 


0068 


0092 


0117 


0142 


0167 


0192 


0217 


0243 


0268 


0294 


13 


48 


0019 


0044 


0068 


0093 


0117 


0142 


0167 


0192 


0218 


0243 


0269 


0294 


12 


.49 
50 


0020 


0044 


0068 


0093 
1.0093 


0118 


0143 
1.0143 


0168 


0193 


0218 


0244 
1.0244 


0269 


0295 


11 
10 


1.0020 


1.0044 


l.OOtJU 


i.o:ib 


1.0168 


1.0193 


1.0219 


1.0270 


1.0295 


51 


0021 


0045 


0069 


0094 


0119 


0143 


0169 


0194 


0219 


0244 


0270 


0296 


9 


52 


0021 


0045 


0070 


0094 


0119 


0141 


0169 


0194 


0219 


0245 


0270 


0296 


8 


53 


0021 


0046 


0070 


0095 


0119 


0144 


0169 


0194 


022:) 


0245 


0271 


0297 


7 


54 
55 


0022 


0046 


0071 


0095 


0120 


0145 


0170 


0195 


0220 


0246 


0271 


0297 
1.0297 


6 
5 


1.0022 


1.0040 


1.0071 


1.0096 


1.0120 


1.0145 


1.0170 


1.0195 


1.0221 


1.0246 


1.0272 


56 


0023 


0047 


0071 


0096 


0121 


0146 


0171 


0196 


0221 


0247 


0272 


0298 


4 


57 


0023 


0047 


0072 


0096 


0121 


0146 


0171 


0196 


0221 


0247 


0278 


0298 


3 


58 


"0023 


0048 


0072 


0097 


0122 


0146 


0171 


0197 


0222 


0247 


0273 


0299 


2 


59 


0024 


0048 


0073 


0097 


0122 


0147 


0172 


0197 


0222 


0248 


0278 


0299 


1 


60 


0024 


0049 


0073 


0098 


0122 
55' 


0147 


0172 
53' 


0197 


0228 


0248 


0274 


0300 



S. 


69' 


»-58' 


57' 


56' 


54' 


52' 


51' 


50* 


49' 


48' 


7 DEGREES. 1 




When the Apparent Distance b teu than 900, the Second Correction b to be taken from tbe B.ittom* | | 









56 


TABLK XVII 
Logarithms of the Firht and Second Corrections. 






TlM First Correction is mitoa^t to be takea from the Top, aad ai«> the Second, irhea the | 








Apparent I 


)i»tance w greater than 900. j 




S. 






2 DEGREES. 


60 




12* 


18' 


14' 


15' 


16' 


11' 


18' 


19^ 


20' 


21' 


22' 


23' 




1.0300 


1.0326 


1.0852 


1.0878 


1.0405 


1.0431 


1.0458 


1.0484 


1.0512 


1 .0589 


1.0666 


1.0594 




1 


0300 


0326 


0852 


0878 


0405 


0432 


0458 


0485 


0512 


0539 


0667 


0594 


59 




2 


0300 


0326 


0353 


0879 


0406 


0482 


0459 


0485 


0512 


0540 


0667 


0595 


68 




S 


0301 


0327 


0858 


0879 


0406 


0438 


0459 


0486 


0513 


0540 


0568 


0595 


67 


'" 


4 
5 


QSOl 


0327 


0858 


0380 


0406 


0438 


0460 


0486 


0518 


0541 


0668 


0596 


56 
65 




1.0302 


1.0328 


1.0854 


1.0880 


1.0407 


1.0434 


1.0460 


1.0487 


1.0514 


1.0541 


1.0568 


1.0596 




6 


0302 


0328 


0854 


0381 


0407 


0484 


0461 


0487 


0614 


0541 


0569 


0596 


64 




7 


0803 


0829 


0355 


0881 


0408 


0484 


0461 


0488 


0516 


0642 


0569 


0597 


53 




8 


0303 


0329 


0355 


0881 


0408 


0485 


0462 


0488 


0515 


0542 


0570 


0597 


52 




9 


0304 


0329 


0856 


0382 


0409 


0485 
1.0486 


0462 


0489 


0516 


0543 


0570 


0598 


51 




10 


1.0304 


1.0380 


1.0356 


1.0382 


1.0409 


1.Q462 


1.0489 


1.0516 


1.0543 


1.0571 


1.059b 


60 




11 


0304 


0830 


0856 


0388 


0409 


0486 


0463 


0489 


0517 


0644 


0571 


0599 


49 




12 


0305 


0331 


0357 


0383 


0410 


0487 


0463 


0490 


0517 


4M>44 


0672 


0599 


48 




IS 


0305 


0381 


0358 


0884 


0410 


0487 


0464 


0490 


0517 


0645 


0672 


0600 


47 




14 
15 


0306 


0382 


0358 


0884 


0410 


0488 


0464 


0491 


0518 


0545 


0573 


0600 


46 
45 




1.0306 


1.0832 


1.0359 


1.0884 


1.0411 


1.0488 


1.0465 


1.0491 


1.0518 


1.0546 


1.0573 


1.0601 




16 


0307 


0833 


0859 


0885 


0411 


0438 


0465 


0492 


0519 


0546 


0573 


0601 


44 




17 


0307 


0838 


0860 


0385 


0412 


0489 


0466 


0492 


0519 


0546 


0674 


0602 


43 




18 


0307 


0388 


0360 


0386 


0112 


0439 


0466 


0493 


0520 


0547 


0574 


0602 


42 




19 
20 


0308 


0334 


0361 


0386 


0413 


0440 


0466 


0493 


0520 


0547 


0575 


0602 


41 




1.0308 


1.0834 


1.0861 


1.0387 


1.0413 


1.0440 


1.0467 


1.0493 


1.0521 


1.0548 


1.0575 


1.0608 


40 




21 


0309 


0385 


0361 


0387 


Q414 


0440 


0467 


0494 


0521 


0648 


0576 


0603 


39 




22 


0309 


0335 


0362 


0388 


0414 


0441 


0468 


0494 


0521 


0549 


0576 


0604 


38 




2S 


0310 


0336 


0862 


0388 


0414 


0441 


0468 


0495 


0522 


0549 


0577 


0694 


37 




24 


0310 


0336 


0362 


0888 


0415 


0442 


0469 


0495 


0522 


0550 


0577 


0605 


36 




25 


[1.0310 


1.0336 


1.0363 


1.0389 


1.0415 


1.0442 


1.0469 


1.0496 


1.0523 


1 .0550 


1.0678 


1,0605 


35 




?6 


0311 


0337 


0363 


0389 


0416 


0442 


0470 


0496 


0523 


0651 


0678 


060G 


34 




27 


0311 


0387 


0368 


0390 


0416 


0443 


0470 


0497 


0524 


0551 


0579 


0600 


33 




28 


0312 


0338 


0864 


0390 


0417 


0443 


0470 


0497 


0524 


0552 


0579 


0607 


32 




29 
30 


0312 


0388 


0364 


0391 


0417 


0444 


0471 


0498 


0525 


0652 
1.05§3 


0579 


0607 


81 
30 




1.0313 


1.0339 


1.0365 


1.0891 


1.0418 


1.0444 


1.0471 


1.0498 


1.0525 


1.0580 


1.0608 




31 


0813 


0839 


0865 


0392 


0418 


0445 


0471 


0498 


0526 


0553 


0580 


0608 


29 




32 


0313 


0389 


0366 


0392 


0418 


0445 


0472 


0499 


0526 


0553 


0681 


0609 


28 




3S 


0314 


0840 


0866 


0392 


0419 


0446 


0472 


0499 


0526 


0554 


^81 


6609 


27 




34 
35 


0314 


0840 


0866 


0393 


0419 


0446 


0472 


0500 


0527 


0554 


0582 


0609 


26 
26 




1.0315 


1.0341 


1.0367 


1.0393 


1.042Q 


1.0446 


1.0473 


1.0500 


1.0527 


1.0556 


1.0582 


1.0610 




36 


0315 


0841 


0367 


0394 


0420 


0447 


0474 


0501 


0528 


0655 


0583 


0610 


24 




37 


0316 


0342 


0368 


0394 


0421 


0447 


0474 


0501 


0528 


0556 


0588 


0611 


28 




38 


0316 


0342 


0368 


0395 


0421 


0448 


0475 


0502 


0529 


oiisp 


0584 


0611 


22 




39 

4t) 


0317 


0342 


0369 


0395 


0422 


0448 


0475 


0502 


0529 


0667 


0584 


0612 


21 
20 




1.0817 


1.0343 


1.0369 


1.0895 


1.0422 


1.0449 


1.0475 


1.0502 


1.0580 


1.0o57 


1.0585 


1.0612 




41 


0318 


0343 


0870 


0396 


0422 


0449 


0476 


0503 


0581 


0557 


0585 


0613 


19 




42 


0318 


0844 


0870 


0896 


0423 


0450 


0476 


0503 


0581 


0£(58 


0685 


0613 


18 




43 


0318 


0344 


0370 


0897 


0423 


0450 


0477 


0504 


0581 


0558 


0586 


0614 


17 




44 
46 


0819 


0845 


0371 


0897 


0424 


0450 


0477 


0504 


0532 


0559 


0586 


0614 


16 
15 




1.0319 


1.0345 


1.0371 


1.0398 


1.0424 


1.0451 


1.0478 


1.0505 


1.0532 


1.0559 


1 .0587 


1.0615 




46 


0319 


0346 


0372 


0398 


0425 


0451 


0478 


0505 


0532 


0560 


0587 


0615 


14 




47 


0320 


0846 


0372 


0399 


0425 


0452 


0479 


0506 


0533 


0560 


0588 


0615 


18 




48 


0320 


0846 


0373 


0899 


0426 


0452 


0479 


0506 


0588 


0561 


. 0588 


0616 


12 




49 


0321 


0347 


0373 


0399 


0426 


0453 


0480 


0507 


0534 


0561 


0589 


0616 


11 
10 




50 


1.0321 


1.0347 


1.0374 


1.04Qd 


1.0426 


1.0453 


1.0480 


1,0507 


1.0584 


1.0562 


1 .0589 


i:0617 




51 


0322 


0348 


0374 


0400 


0427 


0454 


0480 


0507 


0535 


0662 


0690 


0617 


9 




52 


0322 


0848 


0874 


0401 


0427 


0454 


0481 


0508 


0535 


0562 


0690 


0618 


8 




68 


0323 


0349 


0375 


040| 


04^8 


0454 


0481 


0508 


0536 


0563 


0591 


p618 


7 




54 


0323 


0849 


0875 


0402 


0428 


0455 


0482 


0509 


0536 


0563 


0591 


Q619 


6 
6 




56 


1.0323 


1.0349 


1.087d 


1.0402 


1.0429 


1,0455 


1.0482 


1.05O9 


1.0586 


l;(>^ 


1.0591 


1.0619 




66 


0324 


0350 


0376 


0403 


042d 


0456 


0483 


0510 


0537 


0564 


0592 


0620 


4 




67 


0324 


0850 


0877 


0403 


0430 


0456 


0488 


0510 


0537 


0565 


0592 


0620 


8 




58 


0325 


0351 


0377 


0403 


0430 


0457 


0484 


0511 


0538 


0565 


0593 


0621 


2 




59 


032$ 


0351 


0877 


0404 


0430 


0457 


0484 


05U 


0538 


0566 


0693 


0621 


1 




60 


0326 


0352 


0378 


0404 


0431 


0458 


0484 


0512 


0539 


056^ 


0594 


0621 







47' 


46' 


45^ 


44' 


43' 


42' 


41' 


40' 


89' 


88*' 


87' 1 86' 


^. 




7 DEGREES. 




\ 


When the Apparent |>istai|CC is teu than 90o, the Si^ond Correction is toTbe taken flrom the Rottoic 


» 
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TABLE XVII. 67 


' 




Loc 


SARITHMS of the First and Second Cobrectiows 


m 




The First Correctiou is alvoayt to be taken from the Top, and ftlio the Second, when the 






Apparent Oivtaiice is greater than 900. 




s. 




2 DEGREES. I 


60 




24' 


25' 


26' 


27' 


28' 


29' 


30' 


31' 


32' 


33' 


34' 


36' 


' 


1.0621 


1.0649 


1.0678 


1.0706 


1.0734 


1.07^ 


1.0792 


1.0821 


1.0850 


1.0880 


1.0909 


1.0939 




1 


0622 


0650 


0678 


0706 


0735 


0763 


0792 


0821 


0851 


0880 


0910 


0940 


49 


' 


2 


0622 


0650 


0678 


0707 


0735 


0764 


0793 


0822 


0851 


0881 


0910 


0040 


58 


: 


3 


062a 


0651 


0679 


0707 


0736 


0764 


0793 


0822 


0852 


0881 


0911 


0941 


57 




4 


0623 


0651 


0679 


0708 


0736 


0765 


0794 


0823 


0852 


0882 


0911 


0941 


56 
55 


' 


6 


1.0624 


1.0652 


1.06bO 


1.0708 


1.0737 


1.0765 


1.0794 


1.0823 


1.0853 


1.0882 


1.0912 


1.0942 


' 





0624 


0652 


0680 


0709 


0737 


0766 


0795 


0824 


0853 


0883 


0912 


0942 


54 




7 


0625 


0653 


0681 


0709 


0738 


0766 


0795 


0824 


0854 


0883 


0913 


0943 


53 




8 


0625 


0653 


0681 


0710 


0738 


0767 


0796 


0825 


0854 


0883 


0913 


0943 


52 




9 


0626 


0654 


0682 


0710 


0739 


0767 


0796 
1.0797 


0825 


0855 


0884 


0914 


0044 


51 
50 




10 


1.062e 


1.0654 


1.0682 


1.0711 


1.0739 


1.0768 


1.0826 


1.0855 


1.0884 


1.0914 


1.0944 




11 


0627 


0655 


0683 


0711 


0740 


0768 


0797 


0826 


0855 


0885 


0915 


0945 


49 




12 


0627 


0655 


0683 


0711 


0740 


0769 


0798 


0827 


0856 


0885 


0915 


0945 


48 




13 


0628 


0655 


0684 


0712 


0740 


0769 


0798 


0827 


0856 


0886 


0910 


0946 


47 




14 


0628 


0656 


0684 


P712 


0741 


0770 


0799 


0828 


0857 


0886 


0916 


0946 


46 
45 




15 


1.0628 


1.0656 


1.0685 


1.0713 


1.0741 


1.0770 


1.0799 


1.0828 


1.0857 


1.0887 


1.0917 


1.0047 




16 


0629 


0657 


0685 


0713 


0742 


0771 


0800 


0829 


0858 


0887 


0917 


0047 


44 




17 


0629 


0657 


0686 


0714 


0742 


0771 


0800 


0829 


0858 


0888 


0918 


0948 


48 




18 


0630 


0658 


0686 


0714 


0743 


0772 


0801 


0830 


0859 


0888 


091b 


0048 


42 




19 
20 


0630 


0658 


0686 


0715 


0743 


0772 


0801 


0830 


0859 


0889 


0919 
1.09J9 


0949 


41 

40 




1.0631 


1.0659 


1.0687 


1.0715 1.0744 


1.0773 


1.0801 


1.0831 


1.0860 


1.0889 


i.0949 




21 


0631 


0659 


0687 


0716 


0744 


0773 


0802 


0831 


0860 


0890 


0920 


0950 


39 




22 


0632 


0660 


0688 


0716 


0745 


0774 


0802 


0832 


0861 


0890 


0920 


0950 


38 




23 


0632 


0660 


0688 


0717 


0745 


0774 


0803 


0832 


0861 


0891 


0921 


0951 


37 




24 
25 


0033 


0661 


0689 


0717 


0746 


0774 


0803 


0833 
1.0833 


0862 


0891 


0921 


0951 


36 
35 




1.0033 


1.0661 


1.0689 


1.07181.0746 


1.0775 


1.0804 


1.0862 


1.0892 


1.0922 


1.0952 




26 


0634 


0662 


0690 


0718 


0747 


0775 


0804 


0834 


0863 


0893 


0922 


0952 


34 




27 


0634 


0662 


0690 


0719 


0747 


0776 


0805 


0834 


0863 


0893 


0923 


0953 


33 




28 


0634 


0663 


0691 


0719 


0748 


0776 


0805 


0834 


0864 


0894 


0923 


0953 


32 




29 
30 


0635 


0663 


0691 


0720 


0748 


0777 


0806 


0835 


0864 


0894 


0924 


0954 


31 
30 




1.0635 


1.0663 


1.0692 


1.07201.0749 


1.0777 


1.0806 


1.0835 


1.0865 


1.0895 


1.0924 


1.0954 




31 


0636 


0664 


0692 


0721 


0749 


0778 


0807 


0836 


0865 


0895 


0925 


0955 


29 




32 


0636 


0664 


0693 


0721 


0750 


0778 


0807 


0836 


08|S6 


0896 


0925 


0955 


28 




33 


0637 


0665 


0693 


0721 


0750 


0779 


0808 


0837 


0866 


0896 


0926 


C956 


27 




34 


0637 


0665 


0694 


0722 


0751 


0779 


0808 


0837 


0867 


0897 


0926 


0956 


26 
25 




35 


1.0638 


1.0666 


1.0694 


1.07221.0751 


1.0780 


1.0809 


1.0838 


1.0867 


1.0897 


1.0927 


1.0957 




36 


0638 


0666 


0694 


0723 


0751 


0780 


0809 


0838 


0868 


0898 


0927 


0957 


24 




37 


0639 


0667 


0695 


0723 


0752 


0781 


0810 


0839 


0868 


0898 


0928 


0958 


2i 




38 


0639 


0667 


0605 


0724 


0752 


0781 


0810 


0839 


0869 


0899 


0ii2H 


095 


22 




39 

4a 


0640 


0668 


0696 


0724 


0753 


0782 


0811 


0840 
1.0840 


0869 


0809 


0929 


09j9 
t.09.>9 


21 
20 




1.0640 


1.0668 


1.0696 


1.07251.0753 


1.0782 


1.0811 


1.0870 


1.0899 


1.0921/ 




41 


0641 


0660 


0697 


0725 


0754 


0783 


0812 


0841 


9870 


0900 


0930 


OJUO 


19 




42 


0641 


0669 


0697 


0726 


0754 


0783 


0812 


0841 


0871 


0900 


0930 


ObOj 


18 




48 


0641 


0670 


0698 


0726 


0755 


0784 


0813 


0842 


0871 


0901 


0931 


0l;61 


17 




44 
45 


0642 


0670 


0698 


0727 


0755 


0784 


0813 


0842 


0872 


0901 


0931 


0901 


J6 
15 




1.0642 


1.0670 


1.0699 


1.07271.0756 


1.0785 


1.0814 


1.0843 


1.0672 


1.0902 


1.0932 


l.OUUk 




46 


0643 


0071 


0699 


0728 0756 


0785 


0814 


0843 


0873 


0902 


0932 


0962 


14 




47 


0643 


0671 


0700 


0728 0757 


0786 


0815 


0844 


0873 


C903 


0933 


0963 


13 




48 


0644 


0672 


0700 


0729 0757 


0786 


0815 


0844 


0874 


0903 


0933 


0963 


12 




49 


0644 


0672 


0701 


0729 
1.0730 


0758 


0787 


0816 


0845 


0874 


0904 


0934 


0964 
1.0964 


11 
10 




50 


1.0645 


1.0673 


1.0701 


1.0758 


1.0787 


1.0816 


1.0845 


1.0875 


1.0904 


1.0934 




51 


0645 


0673 


0702 


0730 


0759 


0787 


0816 


0846 


0875 


0905 


0935 


0965 


9 




52 


0646 


0674 


0702 


0730 


0759 


0788 


0817 


0846 


0876 


0905 


0935 


0965 


8 




53 


0646 


06r4 


0703 


0731 


0760 


0788 


0817 


0847 


0876 


0906 


0936 


0966 


7 




54 
55 


0647 


0675 


0703 


0731 


0760 


0789 


0818 


0847 


0877 


0906 


0936 


0966 


6 
5 




1.0647 


1.0675 


1.0TO3 


1.07321.0761 


1.0789 


1,0818 


1.0848 


1.0877 


1.0907 


1.0937 


1.0967 




56 


0648 


0676 


0704 


0732 


0761 


0790 


0810 


0848 


0878 


0907 


0937 


0067 


4 




57 


0648 


0676 


0704 


0733 


0762 


0790 


0819 


0849 


0878 


0908 


-0938 


0968 


3 




58 


0848 


0677 


0705 


0733 


0762 


0791 


0820 


0849 


0879 


0908 


0938 


0968 


2 




59 


0649 


0677 


0705 


0734 


0762 


0791 


0620 0850 


0879 


0909 


0939 


0969 


1 




CO 


0649 


0678 


0706 


0734 


0763 


0792 


0821 0850 


0880 0909 


0939 


0969 









35' 


34' 1 33' 


32' 1 31' 


30' 


SO' 28' 


27' 26' 


26' 


24' 


S. 




7 DEGREES. 






Whentl 


be Appai 


rent Dist 


auicefo/ 


eMthaik^ 


900, the 


Second Correction w to be taken 


from the 


> Bottom 


• , L 



53 








TABLE XVIL 








Logarithms of the Fikst and Second 


CoRRRCTIOlfS. 




The First Correction i» atwasfs to be taken from the Toji» and alto the Second 


I, when the | | 










Apparent D slauce 


u greater than 91 
KEES. 


90. 




60 


S. 










2 J) EG 






36' 


37' 


H8' 


39* 


40' 
1.1091 


41' 


42' 


43' 


44' 


45' 


46' 47' 


1.0969 


1.0999 


1.1030 


1.1061 


1.1123 


I1II54 


1.1186 


1.1317 


1.1249 


1.12821.1314 


1 


0970 


1000 


1030 


1061 


1092 


1123 


1154 


1186 


1218 


1250 


1282 


ISII 


59 


2 


0970 


1000 


1031 


1062 


1092 


1124 


1155 


1187 


1218 


1250 


1283 


1315 


58 


3 


0071 


1001 


1031 


1062 


1093 


1124 


1156 


1187 


1219 


1251 


1283 


1316 


57 


4 
6 


0971 


1001 


1032 


1063 


1094 


1125 


1156 


1188 


1219 


1252 


1284 


1316 


56 
55 


1.0972 


1.1002 


1.1032 


1.XU6J 


1.1094 


1.1125 


1.1157 


1.U88 


1.1220 


1.1252 


1.1284 


1.J317 


6 


0972 


1002 


1032 


1064 


1095 


1126 


1157 


1189 


1221 


1253 


1285 


1317 


54 


7 


097S 


1003 


1033 


1064 


1095 


1126 


1158 


1189 


1221 


1253 


1285 


1318 


53 


8 


0073 


1003 


1034 


1065 


1096 


1127 


1158 


1190 


1222 


12.'>4 


1286 


1319 


52 


9 
10 


0974 


1004 


1034 


1065 


1096 


1127 


1159 


1190 


1222 


1254 


1287 


1319 


51 
50 


1.0974 


1.1004 


1.1035 


1.1066 


1.1097 


1.1128 


1.1159 


1.1191 


1.1223 


1.1259 


1.1287 


1.1320 


u 


0975 


1005 


1035 


1066 


1097 


1128 


1160 


1191 


1223 


1255 


1288 


1320 


49 


12 


0975 


1005 


1036 


1067 


1098 


1129 


1160 


1192 


1224 


1250 


1288 


1321 


48 


IS 


0976 


1006 


1036 


1067 


1098 


1129 


1161 


1192 


1224 


1256 


1289 


1321 


47 


14 
15 


0976 


1006 


1037 


1068 


1099 


1130 


1161 


1193 


1225 


1257 


1289 


1322 


46 
45 


1.0977 


1.1007 


1.1037 


1.1068 


1;1099 1.1130 


1.1162 


1.1193 


1.1225 


1.1257 


1.1290 


1.1322 


16 


0977 


1007 


1038 


1069' 


1100 


1131 


1162 


1194 


1226 


1258 


1290 


1323 


44 


17 


0978 


1008 


1039 


1069 


1100 


1131 


1163 


1195 


1226 


1259 


1291 


1323 


43 


18 


0978 


1008 


1039 


1070 


1101 


1132 


1163 


1195 


1227 


1259 


1291 


1324 


42 


19 

20 


<»79 


1009 
1.1000 


1040 


1070 


1101 


1132 


1164 


1196 


1227 


1260 


1292 


1325 
1.1325 


41 

40 


1.0979 


1.1040 


1.1071 


1.11021.1133 


1.1164 


1.1196 


1.1228 


1.1260 


1.1292 


21 


0980 


1010 


1041 


1071 


1102 


1134 


1165 


1197 


1229 


1261 


1293 


1326 


39 


22 


0980 


1011 


1041 


1072 


1103 


1134 


1165 


1197 


1229 


1261 


1294 


1326 


38 


23 


09S1 


1011 


1042 


1072 


1103 


1135 


1166 


1198 


1230 


1262 


1294 


1327 


37 


24 


0981 


1012 


1042 


1073 


1104 


1135 


1167 


^98 


1230 


1262 


1295 


1327 


36 


1 .0Db2 


ii.ioi-^ 


1.1043 


1.1073 


1.1104;i.ll36 


1.1104|1.1199 


1.1231 


1.1263 


1.1295 


1.132S 


35 


26 


0962 


1013 


1043 


1074 


11C5 


1136 


1168; 1199 


1231 


1264 


1296 


1328 


34 


27 


0983 


1013 


1044 


1074 


1105 


1137 


1168 


1200 


1232 


1264 


1296 


1329 


33 


28 


0983 


1014 


1044 


1075 


1106 


1137 


1169 


1200 


1232 


1265 


1297 


1329 


32 


29 
30 


0984 
1.09S4 


1014 


1045 


1075 


1106 


1138 


1169 


1201 


. 1233 
1.1233 


1265 


1297 


1330 


31 
30 


1.1015 


1.1045 


1.1076 


1.1107 


1.11S8 


1.1170 


1.1201 


1.1266 


1.1298 


1.1331 


31 


0985 


1016 


1046 


1076 


1108 


1139 


1170 


1202 


1234 


1266 


1298 


1331 


29 


32 


0985 


1016 


1046 


1077 


1108 


1139 


1171 


120'^ 


1234 


1267 


1299 


1332 


28 


33 


0980 


1017 


1047 


1078 


1109 


1140 


1171 


1203 


1235 


1267 


1300 


1332 


27 


34 
35 


0986 


1017 


1047 


1078 


1110 


1140 


1172 


1204 


1235 
1.1236 


1268 


1300 


1333 


26 
25 


l.09b7 


1.101b 


1 . 1048 


1.1079 


1.1110 


1.1141 


1.1172 


1.1204 


1.126b 


1.1301 


1.1333 


36 


0987 


101b 


1048 


1079 


nil 


1141 


1173 


1205 


1237 


1269 


1301 


1334 


24 


37 


0988 


1019 


1049 


1080 


nil 


1142 


1173 


120) 


1237 


1269 


1302 


1334 


23 


38 


0988 


1019 


1049 


1080 


1112 


1 142 


1174 


1206 


1238 


1270 


1302 


1335 


22 


SO 
40 


0989 


1020 


1050 
L.1U5U 


1081 
1.1081 


1112 


1143 


1174 


1206 


1238 


1270 


1303 


1335 
1.1336 


21 

20 


1.098U 


1.1020 


1.1112 


1.1143 


1.1175 


1.1207 


1.1239 


1.1271 


1.1303 


41 


0900 


1021 


1051 


1082 


1113 


1144 


1175 


1207 


1239 


1271 


1301 


1337 


19 


42 


0990 


1021 


lOH 


1082 


1113 


1145 


1176 


1208 


1240 


1272 


1304 


1337 


18 


43 


0991 


1022 


10j2 


1083 


1114 


1145 


1177 


1208 


1240 


1273 


1305 


1338 


17 


44 

45 


0991 
I.09U2 


1022 
1.1023 


1052 
1 . 1053 


1083 


1114 


114C 
1.1146 


1177 


1209 


1241 


1273 


1306 
1.13UC 


1338 


16 
15 


1.1084 


1.1115 


1.1178 


1.1209 


1.1241 


1.1274 


1.1339 


40 


0902 


1023 


1053 


1084 


1115 


1147 


1178 


1210 


1242 


1274 


1307 


1339 


14 


47 


0993 


1024 


1054 


1085 


1116 


1147 


1179 


1210 


1242 


1276 


1307 


1340 


13 


48 


0993 


1024 


1054 


1085 


1116 


1148 


1179 


1211 


1243 


1275 


1308 


1340 


12 


49 
;'>0 


0994 


1025 


1055 


1086 


1117 


1148 


1180 


1211 
1.1212 


1243 


1276 


130b 


1341 


11 
10 


1.0994 


L.1025 


1.1055 


1 . 1086 


1.1117 


1.1149 


1.1180 


1.1244 


1.1276 


1.1309 


1.1342 


51 


0995 


1026 


1056 


1087 


1118 


1149 


1181 


1213 


1245 


1277 


1309 


134*ii 


9 


52 


0995 


102c 


1056 


1087 


1118 


1150 


1181 


1213 


1245 


1277 


1310 


134;> 


8 


53 


0996 


1027 


1057 


1088 


1119 


1150 


1182 


1214 


1246 


1278 


1310 


1343 


•7 


54 
55 


0996 


1027 


1057 


1088 


1119 


1151 


1182 


1214 


1246 


1278 


1311 


1344 


6 
5 


1 .0997 


1.1028 


l.lU6^ 


1.1089 


1.1120 


1.1151 


1.1183 


1.1215 


1.1247 


1.1279 


1.1311 


1.1344 


56 


0997 


1028 


1058 


1089 


1120 


1152 


1183 


1215 


1247 


1280 


1312 


134.> 


4 


57 


0998 


1028 


1Q59 


1090 


1121 


1155? 


1184 


1216 


1248 


1280 


1313 


1315 


3 


58 


0998 


1029 


1060 


1090 


1122 


1153 


1184 


121(i 


1248 


1281 


1313 


1340 


2 


59 


0999 


1Q29 


1060 


1091 


1122 


1153 


1185 


1217 


1249 


1281 


1314 


134C 


1 


60 


0999 


1030 


1061 


1091 


1123 


1154 


1186 


121; 


1249 


1282 


1314 
13' 


1347 



6- 


23 


22' 


21' 


20' 


19' 


18' 


17' 


16' 


15' 


14' 


12'. 








7 DEGREES. 


1 


^ 


IVhenth 


e Appar 


ent Dist] 


&nce4s legs than 900, the Second Correction is to be taken I 


rom the Bottom. | | 





1 




TABLE XVII. 59 




:* 


LooAHiTHMS of the First and Second Corrections 


1 


t 


The First Correction is alwajfs to be taken from the Top, and also the Second, vhen the 




Apparent D stance is greater than 9()o. 




s. 




2 DEGREES. 


60 




48' 


49* 


^iy 


51' 


62* 


63' 


54' 


66' 


66' 


57' 


6b' 


59' 




1.1347 


1.138C 


11.14111 


11.1447 


1.1481 


1.1515 


1.154{ 


a. 1584 


[1.1619 


1.1654 


11.168{J 


1 1.172a 




1 


134£ 


1 1381 


1414 


1447 


1481 


1515 


155C 


1 1584 


I 161S 


1654 


1690 


> 1725 


59 




2 


134£ 


\ 1381 


1414 


144£ 


1 1482 


t 151€ 


» 155€ 


1 158fi 


> 162C 


1655 


1690 


> 172(j 


i 68 




S 


134S 


) 1382 


1415 


144!i 


1 1482 


! 15ie 


» 1551 


158S 


> 1620 


1655 


1691 


1727 


57 




4 
' 5 


134S 


1 1382 


1416 


1449 


> 1483 


> 1517 


1551 


158C 


1 1621 


165€ 


» 1692 


1737 
11.1728 


56 
56 




1.136C 


11.1383 


1.141€ 


1.145C 


1.1483 


1.1518 


11.1552 


11.1587 


1.1621 


1.1657 


1.1692 







135C 


I 1383 


1417 


145fl 


1484 


1618 


1 1552 


1 158?| 1622 


1667 


1693 


> 1728 


54 




7 


1351 


1384 


1417 


1451 


1486 


1519 


1559 


1588 


1623 


1668 


\ 1693 


172S 


63 




8 


1351 


1384 


1418 


1451 


1486 


1519 


1654 


1688 


1629 


1658 


1694 


1730 


52 




9 
10 


1352 


1385 


1418 


1452 


1486 


> 1520 


1554 


, 1589 


1624 


1669 


1694 


1730 


61 
50 




1.1362 


1.1386 


1.1419 


1.1452 


1.1486 


> 1.1520 


1.1556 


1.1589 


1.1624 


1.1660 


1.1695 


1.1731 




11 


1353 


1386 


1419 


1453 


1487 


1521 


1555 


1690 


1625 


1660 


1696 


1731 


49 




12 


1354 


1387 


1420 


1454 


1487 


1522 


1656 


1691 


1625 


1661 


1696 


1732 


48 




IS 


1354 


1387 


1421 


1454 


1488 


1522 


1666 


1591 


1626 


1661 


1697 


1733 


47 




14 
15 


1355 


1388 


1421 


1455 


1489 


1523 


1657 


1592 


1627 


1662 


1697 


1733 


46 




1.1365 


1.1388 


1.1422 


1.1455 


1.1489 


1.1623 


1.1558 


1.1592 


1.1627 


1.1663 


1.1698 


1.1734 


46 




16 


135G 


1389 


1422 


1456 


1490 


1524 


1558 


1593 


1628 


1663 


1699 


1731 


44 




ir 


1356 


1389 


1423 


1456 


1490 


1524 


1659 


1593 


1628 


1664 


1699 


1735 


43 




18' 


1357 


1390 


1423 


1467 


1491 


1525 


1559 


1594 


1629 


1664 


1700 


1736 


42 




19 
20 


1357 


1391 


1424 


1458 


1491 


1526 


1560 


1695 


1630 


1665 


1700 


1736 


41 

40 




1.1358 


1.1391 


1.1424 


1.U68 


1.1492:1.1526 


1.1561 


1.1595 


1.1630 


1.1665 


1.1701 


1.1737 




21 


1369 


1392 


1425 


1459 


1493 


1527 


1561 


1596 


1631 


1666 


1702 


1737 


39 




22 


1369 


1392 


1426 


1459 


1493 


1527 


1662 


1596 


1631 


1667 


1702 


1738 


38 




23 


1360 


1393 


1426 


1460 


1494 


1528 


1562 


1597 


1632 


1667 


1703 


1739 


37 




24 
25 


1360 


1393 


1427 
1.1427 


1460 


1494 


1528 


1563 


1598 


1633 


1668 


1703 


1739 


36 
35 




1.1361 


1.1394 


1.1461 


1.1495 


1.1529 


1.1663 


1.1598 


1.1633 


1.1668 


1.1704 


1.1740 




26 


1361 


1394 


1428 


1461 


1495 


1530 


1564 


1599 


1634 


1669 


1705 


1740 


34 




27 


1362 


1395 


1428 


1462 


1496 


1530 


1565 


1599 


1634 


1670 


1705 


1741 


83 




28 


1362 


1396 


1429 


1463 


1496 


1531 


1665 


1600 


1635 


1670 


1706 


1742 


32 




29 
30 


1363 


1396 


1429 


1463 


1497 


1531 


1566 


1600 
1.1601 


1635 


1671 


1706 


1742 


31 
30 




1.1363 


1.1397 


1.1430 


1.1464 


1.1498 


1.1532 


1.1566 


1.1G36 


1.1671 


1.1707 


I.174ii 




31 


1364 


1397 


1431 


1464 


1498 


1532 


1667 


1602 


1637 


1672 


1708 


1743 


29 




32 


1365 


1398 


1431 


1465 


1499 


1633 


1667 


1602 


1637 


1673 


1708 


1744 


28 




33 


1365 


1398 


1432 


1465 


1499 


1534 


1568 


1603 


1638 


1673 


1709 


1745 


27 




34 
35 


1366 


1399 


1432 


1466 


1500 


1534 


1669 


1603 


1638 


1674 


1709 


1745 


26 
25 




1.1366 


1.1399 


1.1433 


1.1467 


1.1500 


1.1535 


1.1669 


L.1604 


1.1639 


1.1675 


1.1710 


1.1746 




36 


1367 


1400 


1433 


1467 


1601 


1535 


1570 


1603 


1640 


1675 


1711 


1746 


24 




37 


1367 


1401 


1434 


1168 


1502 


1536 


1570 


1605 


1640 


1676 


1711 


1747 


23 




3S 


1368 


1401 


1435 


1468 


1502 


1536 


1571 


1G06 


1641 


1676 


1712 


1748 


22 




39 
40 


1368 
1.1369 


1402 


1435 


1469 


1503 


1537 


1571 


1606 


1641 


1677 


1712 


174h 


21 
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1.1402 


1.1436 


1.1469 


1.15031.15381 


1.1572 


1.1607 


1.1642 


1.1677 


1.1713 


1.1749 




41 


1370 


1403 


1436 


1470 


1504 


1538 


1573 


1607 


1643 


1678 


1714 


1749 


19 




4:* 


1370 


1403 


1437 


1470 


1504 


1539 


. 1573 


1008 


1643 


1678 


1714 


1750 


18 




43 


1371 


1404 


1437 


1471 


1505 


1639 


1574 


1609 


1644 


1679 


1715 


1751 


17 




44 
45 


1371 


1404 


1438 


1472 


1606 


1540 


1574 


1609 


1644 


1680 


1715 


1751 


16 
16 


1.1372 


1.1405 


1.1438 


1.1472 


1.1606 


1.1540 


1.1575 


1.1610 


1.1645 


1.1680 


1.1710 


1.1752 




46 


1372 


1405 


1439 


1473 


1507 


1541 


1576 


1610 


1645 


1681 


1717 


1752 


14 




47 


1373 


1406 


1440 


1473 


1507 


1542 


1576 


1611 


1646 


1681 


1717 


1753 


13 




48 


1373 


1406 


1440 


1474 


1508 


1542 


1577 


1612 


1647 


1682 


171h 


1754 


12 




49 
60 


1374 


1407 
1.1407 


1441 


1474 1508 


1543 


1577 


1612 


1647 


1683 
1.1683 


1718 


1754 


11 
10 




1.1374 


1.1441: 


1.1475 


1.1609 


I.. 1543 


1.1678: 


1.1613 


1.1648 


1.1719 


1.1755 




61 


1375 


1408 


1442 


1476 


1610 


1544 


1578 


1613 


1648 


1684 


1719 


1755 


9 




62 


1376 


1408 


1442 


1476 


1510 


1544 


1579 


1614 


1649 


1684 


1720 


1756 


8 




53 


1376 


1409 


1443 


1477 


1611 


1645 


1580 


1614 


1650 


1685 


1721 


1757 


7 




54 
65 


1377 


1409 


1443 


1477 


1511 


1646 


1680 


1616 


1650 


1686 


1721 


1757 
1.1758 


6 
5 




1.1377 1 


L.1410 


1.1444 J 


L.1478] 


L.1512] 


1.1546 


1.15811 


L.1616 


1.1651 


1.16861.1722 




66 


I37b 


1411 


1445 


1478 


1512 


1547 


1581 


1616 


1651 


1687 


1722 


1769 


4 




67 


1378 


1411 


1445 


1479 


1513 


1547 


1582 


1617 


1652 


1687 


1723 


1759 


3 




68 


1379 


1412 


1446 


1479 


1514 


1548 


1682 


1617 


1652 


1688 


1724 


1760 
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69 


1379 


1412 


1446 


1480 


1514 


1548 


1583 


1618 


1653 


1689 


1724 


1760 
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1380 


1413 


1447 


1481 
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1654 
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When the Apparent Distance is lest than 900. the Second. Correction is to be taken from the Bottom. | | 
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0' 


1' 


2* 


8' 


4' 


5' 


6* 


7' 


8* 


^ 


lO* 

1 


11' 


1.1761 


1.1707 


1.1884 


1.1871 


1.190b 


1.1946 


1.1984 


1.2022 


1.2061 


1.2009 


1.2189)1.2178 


60 


1 


1762 


1798 


1835 


1871 


1909 


1946 


1984 


2023 


2061 


2100 


2189 


2179 


59 


2 


1762 


1798 


1835 


1872 


1009 


1947 


1985 


2023 


2062 


2191 


2140 


2180 


68 


8 


1763 


1709 


1886 


1878 


1910 


1948 


1986 


2024 


2062 


2101 


2141 


2180 


67 


4 

5 


1768 


1800 


1886 


1878 


1911 


1048 


1986 


2025 


2068 


2102 


2141 


2181 


56 
55 


1.1764 


1.1800 


1.1837 


1.1874 


1.1911 


1.1949 


1.1987 


1.2025 


1.2064 


1.2108 


1.2142 


1.2182 


6 


1765 


1801 


1838 


1875 


1912 


1950 


1987 


2026 


2064 


2103 


2143 


2182 


S4 


7 


1765 


1802 


1838 


1875 


1918 


1950 


1988 


2026 


2065 


210; 


2143 


2188 


68 


8 


1766 


1802 


1889 


1876 


1913 


1951 


1989 


2027 


2066 


2106 


2144 


2184 


69 


9 
10 


1766 


1803 


1839 


1876 


1914 


1951 


]98<i 


2028 


2066 


2105 


2145 


2184 


51 


1.1767 


1.1803 


1.1840 


1.1877 


1.1914 


1.1952 


1.1990 


1.2028 


1.2067 


1.2106 


1 .2145 


1.2185 


11 


1768 


1804 


1841 


1876 


1915 


1953 


1991 


2029 


2068 


2107 


2146 


2186 


49 


12 


1768 


1805 


1841 


1876 


191^ 


1953 


1991 


203G 


2068 


2107 


2147 


2186 


48 


IS 


1769 


1805 


1842 


1879 


1916 


1954 


1902 


2080 


2069 


2108 


2147 


2187 


4T 


14 


1760 


1806 


1848 


188(; 


1917 


1955 


1993 


2031 


2070 


2109 


2148 


2188 


46 
45 


1.1770 


1.1806 


1.1843 


1.1880 


1.1918 


1.1955 


1.1994 


1.2082 


1.2070 


1.2109 


1.2149 


1.2188 


16 


1771 


1807 


1844 


1881 


1918 


1956 


1994 


2032 


2071 


2110 


2149 


2189 


44 


ir 


1771 


1808 


1844 


1881 


1919 


1956 


1995 


2033 


2072 


2111 


2150 


2190 


48 


18 


1772 


1808 


1845 


1882 


1919 


1957 


1996 


2083 


2072 


2111 


2151 


2190 


42 


19 
20 


1772 


1809 
1.1809 


1846 


1883 


1920 


1958 


1996 


2034 


2073 
1.2073 


2112 


2151 


2191 


41 
40 


1.1773 


1.1846 


1.1883 


1.1921 


1.1950 


1.1997 


1.2085 


1.2118 


1.2162 


1.2192 


21 


1774 


1810 


1847 


1884 


1921 


1960 


1997 


2085 


2074 


2118 


2153 


2192 


80 


22 


1774 


1811 


1847 


1881 


1922 


1960 


1998 


2086 


2075 


2114 


2163 


2193 


88 


23 


1775 


1811 


1848 


1885 


1923 


1961 


1998 


2087 


2075 


2115 


2164 


2194 


87 


24 
25 


1776 


1812 


1849 


1886 


1923 


1962 
1.1962 


1999 


2087 


2076 


2115 


2166 


2194 


86 
86 


1.1776 


1.1812 


1.1849 


1.1886 


1.1924 


1.2000 


1.2038 


1.2077 


1.2116 


1.2166 


1.2195 


26 


1777 


1813 


1850 


1887 


1924 


1963 


200: 


2089 


2078 


2116 


2156 


2196 


84 


27 


1777 


1814 


1850 


1888 


1925 


1963 


2001 


2039 


2079 


2117 


2157 


2196 


88 


28 


1778 


1814 


1851 


188b 


1926 


1964 


2001 


2040 


2079 


2118 


2157 


2197 


82 


29 
30 


1778 


1815 


1852 


1889 


1926 


1964 


2002 


2041 


2080 


2118 


2168 


2198 


81 

30 


1.1779 


l.lblG 


1.1852 


1.1889 


1.1927 


1.1965 


1.2003 


1.2041 


1.2080 


1.2119 


1.2169 


1.2198 


31 


1780 


1816 


1853 


1890 


1928 


1965 


2003 


2042 


2081 


2120 


2169 


2199 


29 


32 


1780 


1817 


1854 


1891 


1928 


1966 


2004 


2042 


2081 


2120 


2160 


2200 


28 


33 


1781 


1817 


1854 


1891 


192Ji 


1967 


2005 


2043 


€082 


2121 


2161 


2200 


27 


34 
35 


1781 


1818 


1855 


1892 


1920 


1967 


2005 
1.2006 


2044 
1.2344 


2083 


2122 


2161 


2201 


26 
26 


1.1782 


1.1819 


1.1856 


1.1893 


1.193(1 


1.196^ 


1.2083 


1 .2122 


1.2162 


1.2202 


36 


1783 


1819 


1857 


1893 


1931 


1908 


200 i 


2045 


2084 


2123 


2163 


2202 


24 


37 


1783 


1820 


1857 


1894 


1931 


1969 


2007 


204C 


2085 


2124 


2163 


2203 


28 


36 


1784 


1820 


1858 


1894 


1932 


1970 


2008 


204& 


2085 


2124 


2164 


2204 


22 


39 
40 


1785 


1821 


1858 


1895 


1933 


197(> 


2009 


2047 


2086 
1.2086 


2125 


2165 


2204 


21 
20 


1.1785 


1.1822 


1.1859 


1.1896 


1.1933 


1.19il 


1.200>> 


1.204b 


1.2126 


1.2165 


1.2205 


41 


1786 


1822 


1859 


1896 


1934 


1972 


2010 


204b 


2087 


2126 


2166 


2206 


19 


42 


1786 


1823 


1860 


1897 


1934 


1972 


2010 


2049 


208b 


2127 


2167 


2206 


18 


48 


1787 


1823 


1860 


1898 


1935 


1973 


2011 


2050 


2088 


2128 


2167 


2207 


17 


44 
45 


1788 


1824 


1861 


1898 


1936 


1974 


2012 


2050 


2089 


212& 


2168 


2208 


16 
16 


1.1788 


1.1825 


1.1862 


1.1899 


1.1936 


1.1974 


1.2012 


1.2051 


1.2U90 


1.2129 


1.2169 


1.2208 


46 


1789 


1825 


1862 


1899 


1937 


1975 


2013 


2052 


2090 


2130 


2169 


2209 


14 


47 


1789 


1826 


1863 


1900 


1938 


1975 


2014 


2052 


2091 


2130 


2170 


2210 


13 


48 


1790 


1827 


1863 


1901 


1938 


1976 


2014 


2053 


2092 


2131 


2170 


2210 


12 


49 
50 


1791 


1827 


1864 


1901 


1939 


1977 


2015 


204a 


2092 


2132 


2171 


2211 


11 
10 


1.1791 


1.1828 


1.1865 


1.1902 


1.1939 


1.1977 


1.2016 


1.2054 


1.2093 


1.2132 


1.2172 


1.2212 


51 


1792 


1828 


1865 


1903 


1940 


1978 


2016 


2055 


2094 


2133 


2172 


2212 


9 


52 


1792 


1829 


1866 


1903 


1941 


1979 


2017 


2055 


20(94 


2134 


2173 


2213 


8 


53 


1793 


1830 


1867 


1904 


1941 


1970 


?ai7 


2056 


2095 


2134 


2174 


2214 


7 


54 
55 


1794 
1.1794 


1830 


1867 


19(14 


1912 


1980 


2018 
1.2019 


2057 


2096 


2135 


2174 


2214 


6 
5 


1.1831 


1.186b 


1.1905 


1.1912 


1.1981 


1.2057 


1.2090 


1.2136 


1.2175 


1.2216 


56 


1795 


1831 


1868 


1906 


1943 


1981 


2019 


2058 


2097 


2136 


2176 


2216 


4 


57 


1795 


1832 


1869 


1900 


1944 


1982 


2020 


2059 


2098 


2137 


2176 


2216 


3 


58 


1796 


1833 


1870 


19;)7 


1944 


1982 


2021 


2059 


2098 


2137 


2177 


2217 


2 


59 


1797 


1833 


1870 


1908 


1945 


1983 


2021 


2060 


2099 


2138 


2178 


2218 


1 


60 


1797 


1834 


1871 


1908 


1946 


1984 2022 


2061 


2099 


2139 


2178 


2218 
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24' 


25' 


1 ^6' 


27' 


28' 


29' 


30' 


31' 


82' 


33' 


34' 


85' 


1.2730 


1.2775 


1.2821 


1.2868 


1 .2915 


1.2962 


1.3010 


1.8059 


1.3108 


1.3138 


1.3208 


1.3259 


1 


2731 


2776 


2822 


2869 


2910 


2963 


3011 


3060 


3109 


8158 


3209 


8259 


59 


2 


2732 


2777 


2823 


2869 


2916 


2064 


3012 


3060 


3110 


8159 


8209 


3260 


58 


S 


2732 


2778 


2824 


2870 


2917 


2905 


3013 


3061 


3110 


3160 


8210 


3261 


57 


4 
6 


2733 


2779 


2825 
1.2825 


^871 


291fc 


2965 
1.2966 


3014 


8062 


3111 


3161 
1.3162 


3211 


3262 


56 
55 


1.2734 


1.2779 


1.2872 


1.2919 


1.3014 


1.3063 


1.3112 


1.3212 


1.3263 


6 


2735 


2780 


2826 


2873 


2920 


2967 


3015 


3064 


3113 


3163 


3213 


8264 


54 


7 


2735 


li781 


2827 


2873 


2920 


2968 


3016 


3065 


3114 


8163 


3214 


8265 


53 


8 


2736 


2782 


2828 


2874 


2921 


2969 


3017 


3065 


3114 


8164 


3214 


8265 


52 
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10 


2737 


2782 


2828 


2875 


2922 


2969 


8018 


8066 


8115 


3165 


8215 


3266 
1.3267 
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50 


1.2738 


1.2783 


1.2829 


1.2876 


1.6U23 


1.2970 


1.3018 


1.3067 


1.3116 


1.3166 


1.3216 


11 


2738 


2784 


2830 


2876 


2924 


2971 


3019 


3068 


8T17 


3167 


3217 


3268 


49 


12 


2739 


2785 


2831 


2877 


2924 


2972 


3020 


3069 


8118 


8168 


3218 


3269 


48 


13 


2740 


2785 


2831 


2878 


2925 


2973 


8021 


3069 


8119 


3168 


3219 


3270 


47 


14 
15 


2741 


2786 


2832 


2879 


2926 


2973 


3022 


3070 


3119 


3169 


3220 


3270 


46 
45 


1.2741 


1.2787 


1.2833 


1.2880 


1.2927 


1.2974 


1.3022 


1.3071 


1.3120 


1.3170 


1.3220 


1.3271 


16 


2742 


2788 


2834 


2880 


2927 


2975 


3023 


3072 


3121 


3171 


3221 


3272 


44 


17 


2743 


2788 


2835 


2881 


2926 


2976 


3024 


3073 


3122 


8172 


3222 


3273 


43 


18 


2744 


2789 


2835 


2882 


2929 


2977 


3025 


3073 


3123 


3173 


3223 


3274 


42 


19 
20 


2744 


2790 


2836 


2883 


2930 


2977 


3026 


8074 
1.3075 


3124 


8173 


3224 


3275 


41 

40 


1 .2745 
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1.2837 


1.2883 


1.2931 


1.2978 


1.3026 


1.3124 


1.3174 


1.3225 


1.3276 


21 
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2792 


2838 


2884 


2931 


2979 


3027 


8076 


3125 


3175 


3225 


3276 


39 


22 


2747 


2792 


2838 


2885 


2932 


2980 


3028 


8077 


3126 


3176 


3226 


3277 


38 


28 


2747 


2793 


2839 


2886 


2933 


2981 


3029 


3078 


3127 


3177 


3227 


3278 


37 


24 
25 


2748 


2794 


2840 


2887 


2934 


2981 


3030 


8078 


8128 


3178 


3228 


8279 


36 
35 


1.2749 


1.2795 


1.2841 


1.2887 


1.2935 


1.2982 


1.3030 


1.3079 


1.3129 


1.3178 


1.3229 


1.3280 


26 
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2841 


2888 


2935 


2983 


8031 


3080 


3129 


8179 


3230 


3281 


34 


27 


2750 
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2842 


2889 


2936 


2984 


3032 


3081 


8130 


8180 


3231 


3282 
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28 


2751 


2797 


2843 


2890 


2937 


2985 


3033 


3082 


3131 


3181 


3231 


3282 


32 


29 
30 


2752 
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2844 
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2938 


2985 


3034 
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3182 
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30 


1.2763 
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1.2845 


1.2891 


1.2939 


1.2986 


1.3034 


1.3083 


1.3132 


1.3183 


1.3233 
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3035 


3084 


3133 


3183 


3234 
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2893 
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3036 
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3134 


3184 
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3280 
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33 


2755 
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2847 


2894 


2941 


2989 


3037 
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3185 
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3287 
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34 
35 
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1.3039 
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1.3187 
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36 
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2803 
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2943 
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3088 
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37 
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2992 


3040 


3089 


8138 
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3239 
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23 


38 
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2851 


2898 


2945 


2993 


8041 


3090 


3139 


3189 


8240 


3291 


22 


39 
40 


2760 


2805 


2852 


2898 


2946 


2993 


8042 


3091 


3140 


3190 


3241 


3292 


81 

20 


1.2760 


1.2806 


1.2852 


1.2899 


1.2946 


1.2994 


1.3043 


1.3091 


1.3141 


1.3191 


1.3242 


1.3293 


41 


2761 


2807 


2853 


2900 


2947 


2995 


3043 


8092 


3142 


3192 


3242 


3294 


19 


42 


2762 


2808 


2854 


2901 


2948 


2996 


8044 


8093 


8143 


3193 


3243 


3294 


18 


43 


2763 


2808 


2855 


2901 


2949 


2997 


8045 


3094 


3143 


3193 


8244 


3295 


17 


'44 
45 


2763 


2809 


2855 


2902 


2950 
1.2950 


2997 


8046 


3095 


3144 


3194 


3245 


8296 


16 
15 


1.2764 


1.2810 


1.2856 


1.2903 


1.2998 


1.3047 


1.8096 


1.8145 


1.3195 


1.3246 


1.3297 


46 


2765 


2811 


2857 


2904 


2951 


2999 


3047 


3096 


3146 


3196 


3247 


3298 


14 


47 


2766 


2811 


2858 


2905 


2952 


3000 


3048 


8097 


3147 


3197 


3247 


3299 


13 


48 


2766 


2812 


2859 


2905 


2953 


3001 


3049 


8098 


8148 


8198 


3248 


32O0 


12 


49 
50 


2767 


2813 


2859 


2906 


2954 


, 3001 


8050 


3099 


3148 


3198 


3219 


3200 


11 
10 


1.2768 


1.2814 


1.2860 


1.2907 


1.2954 


1.3002 


1.3051 


I. 8100 


1.8149 


1.3199 


1.3250 


1 .3.«t01 


51 


2769 


2815 


2861 


2908 


2955 


3003 


3052 


3101 


3150 


3200 


3251 


8302 


9 


52 


2769 


2815 


2862 


2909 


2956 


3004 


3052 


3101 


3151 


8201 


3252 


3S08 


8 


53 


2770 


2816 


2862 


2909 


2957 


3005 


3053 


3102 


3152 


3202 


8253 


3304 


7 


54 
55 


2771 


2817 


2863 


2910 


2958 


3005 


8054 


3103 


3153 


3203 


3253 


3305 


6 
5 


1.2772 


1.2818 


1.2864 


1.2911 


1.2958 


1.300S 


1.3055 


1.3104 


1.3153 


1.3201 


1 3254 


1.330C 


56 


2772 


2818 


2865 


2912 


2959 


3007 


3056 


3105 


3154 


3204 


3255 


330C 


4 


57 


2773 


2819 


2866 


2912 


2960 


3008 


3056 


8105 


8155 


3205 


3256 


3307 


8 


58 


2774 


2820 


2866 


2913 


2961 


3009 


3057 


3106 


3156 


320C 


8257 


3308 


2 


59 


2775 


2821 


2867 


2914 


2962 


3009 


3058 


3107 


3157 


3207 


3258 


3309 


1 


60 


2775 


2821 


2868 


2915 


2962 


3010 


3059 


3108 


3158 


3208 


3259 


3310 
24' 





35' 


34' 


33' 


32' ! 3V 


30' 


29' 


28' 


27' 


2()' 


25' 
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TABLE XVII. ' 63 




Logarithms of the First and Second Correction*. 




Tb« Firat Correction is alwayt to be taken from the Top, and also the Second, when the 




' Apparent DislAace is greater than 90o. 


s. 




3 Dl-GKEES. 


60 


S6' 


37' 


38' 


39' 


40' 


41' 
1.3576 


42' 


43' 


44' 


46' 


46' 


47' 


1.3310 


1.3362 


1.3415 


1.3468 


1.3622 


1.3632 


1.8688 


1.8745 


1.8802 


■ ■■■III II 

1.3860 


1.3919 


1 


3311 


3363 


3415 


3469 


3523 


3577 


3633 


8689 


3746 


8808 


3861 


3920 


69 


2 


3312 


3364 


3416 


8470 


3524 


3578 


3634 


8690 


3746 


8804 


8862 


3921 


68 


3 


3313 


3365 


3417 


8471 


8525 


3579 


3635 


8691 


3747 


8805 


3863 


8922 


57 


4 
6 


3313 


3365 


3418 


8471 


8525 


3580 


3635 


3692 


3748 


3806 


8864 


8923 


66 
55 


L.3314 


1.3366 


1.3419 


1.3472 


1.3626 


1.8681 


1.3630 


1.3698 


1.3749 


1.8807 


1.3865 


1.3924 


G 


3315 


3367 


3420 


8473 


8627 


8682 


8637 


8694 


8760 


8808 


8866 


3925 


54 


7 


3316 


3368 


S421 


8474 


3628 


8583 


8638 


8696 


8761 


8809 


8867 


8926 


S3 


8 


3317 


3369 


3422 


8476 


3629 


3584 


8639 


8696 


8762 


8810 


8868 


8927 


62 


9 
10 


3318 


3370 


3423 


8476 


3530 


8585 


3640 


8696 


8768 


8811 


8869 


8928 
1.3929 


61 


1.3319 


1.3371 


1.3423 


1.8477 


1.8631 


1.3686 


1.8641 


1.8697 


1.8764 


1.8812 


1.3870 


11 


3319 


3372 


3424 


8478 


8582 


8687 


8642 


3698 


8766 


3818 


8871 


8930 


49 


12 


3329 


3372 


3426 


8479 


8533 


8687 


8643 


8699 


8766 


8814 


8872 


8931 


48 


13 


3321 


3373 


3426 


8480 


8534 


3588 


3644 


8700 


8767 


8816 


8873 


8932 


47 


14 
15 


3322 


3374 


3427 


8480 


8585 


3689 


8645 


8701 
1.3702 


8768 


8816 


3874 


8933 


46 
45 


1.3323 


1.3375 


1.3428 


1.8481 


1.3635 


1.8590 


1.3646 


1.3769 


1.8817 


1.8876 


1.3934 


16 


3324 


3376 


3429 


8482 


8686 


8691 


3647 


8703 


8760 


8818 


3876 


8935 


44 


17 


3325 


3377 


3430 


8483 


8637 


8692 


8648 


8704 


8761 


8819 


3877 


8936 


43 


18 


3325 


3378 


3431 


8484 


3638 


8693 


3649 


8705 


8762 


8819 


3878 


8937 


42 


19 

20. 


3326 


3379 


3431 


8485 


8539 


3594 


3649 


8706 


8763 


8820 


8879 


8938 


41 

40 


1.332/ 


1.3379 


1.3432 


1.3486 


1.8640 


1.3696 


1.3650 


1.3707 


1.8764 


1.3821 


1.3880 


1.3939 


21 


3328 


3380 


3433 


8487 


8641 


8596 


3651 


8708 


8766 


8822 


8881 


8940 


39 


22 


3320 


3381 


3434 


8488 


8642 


3597 


8652 


3709 


8766 


8828 


3882 


8941 


38 


23 


3330 


3382 


3435 


8188 


8543 


8598 


3663 


8709 


3767 


8824 


8883 


8942 


37 


2i 
25 


3331 


3383 


3436 


3489 


8544 


8598 


3654 


8710 


3768 


8826 


8884 


8043 


36 
35 


1.3332 1.3384 


1.3437 


1.3490 


1.3646 


1.3599 


1.3656 


1.3711 


1.8768 


1.8826 


1.3885 


1.3944 


26 


3332 


3385 


3438 


8491 


3645 


3600 


3656 


8712 


8769 


8827 


3886 


8945 


34 


27 


3333 


3386 


8438 


8492 


3546 


8601 


3667 


8713 


3770 


8828 


8887 


8946 


33 


28 


3334 


3386 


8439 


8493 


3547 


3602 


8668 


8714 


8771 


8629 


8888 


8947 


32 


29 
30 


3335 


3387 


8440 


8494 


8548 


8608 


8659 


8715 


8772 
1.8778 


8830 


3889 


8948 


31 
30 


1.3330 


1.3388 


1.3441 


1.8496 


1.3649 


1.8604 


1.3660 


1.8716 


1.3831 


1.3890 


1.3949 


31 


3337 


3389 


3442 


8496 


8660 


8605 


3661 


8717 


8776 


8832 


8891 


3960 


29 


32 


3338 


3390 


3443 


8497 


8551 


8606 


3662 


8718 


8776 


8883 


8892 


8961 


28 


33 


3338 


3391 


3444 


8498 


3562 


8607 


3668 


8719 


8776 


8884 


3893 


8962 


27 


34 
35 


3339 


3392 


8445 


8499 


8563 


3608 


3663 


8720 


8777 


8885 


8894 


8963 


26 
25 


1.3340 


1.3393 


1.3446 


1.3500 


1.3664 


1.3609 


1.3664 


1.8721 


1.3778 


1.3836 


1.3896 


1.3954 


36 


3341 


3393 


8446 


3501 


3666 


3610 


3665 


8722 


8779 


8837 


8896 


8965 


24 


37 


3342 


3394 


3447 


8502 


3565 


3610 


3666 


8723 


8780 


3888 


8897 


8956 


23 


38 


3343 


3395 


3448 


8503 


8556 


8611 


3667 


8724 


8781 


8839 


3898 


8967 


22 


39 
40 


3344 


3396 


8449 


8504 


3557 


3612 


3668 


3726 


8782 


3840 


3899 


3968 


21 
20 


1.3345 


1.3397 


1.3450 


1.3605 


1.8568 


1.8618 


1.3669 


1.8726 


1.3783 


1.3841 


1.3900 


1.8959 


41 


3345 


3398 


3151 


3506 


3569 


8614 


8670 


8727 


3784 


8842 


3901 


8960 


19 


42 


3346 


3399 


3452 


8506 


366; 


8616 


8671 


8727 


3785 


8843 


8902 


3961 


18 


43 


3347 


3400 


3453 


3507 


8561 


8616 


8672 


8728 


3786 


8844 


8903 


8962 


17 


44 
45 


3348 


3400 


3454 


3508 


8662 


3617 


8673 


8729 


8787 


8845 


3904 


8963 


16 
15 


1.3349 


1.3401 


1.3454 


1.3509 


1.3663 


1.8618 


1.3674 


1.3780 


1.3788 


1.8846 


1.3906 


1.3964 


46 


3350 


3402 


3455 


3510 


3664 


8619 


3675 


8731 


8789 


8847 


3906 


8965 


14 


47 


3351 


3403 


3456 


3511 


8665 


3620 


3676 


8732 


8790 


8848 


8907 


8966 


18 


48 


3351 


3404 


3457 


8512 


3565 


8621 


3677 


8733 


8791 


8849 


8908 


8967 


12 


49 
60 


335J 


3405 


3458 


8613 


8666 


8622 


8677 


8734 


8792 


8850 


3909 


8968 


11 

10 


1.3353 


1.3406 


1.3459 


1.3518 


1.3567 


1.3628 


1.8678 


1.8735 


1.3793 


1.3861 


1.3910 


1.3969 


51 


3354 


3407 


3460 


8514 


3668 


3623 


8679 


8736 


8798 


8852 


3911 


3970 


9 


52 


8355 


3408 


8461 


8516 


3669 


8624 


8680 


3737 


3794 


8853 


8912 


8971 


8 


53 


3356 


3408 


3462 


8616 


8570 


8625 


3681 


3738 


8795 


3854 


3913 


8972 


7 


64 
55 


3357 


3409 


3463 


8516 


8571 


3626 


3682 


3739 


3796 


8855 


3914 


8973 
1.3974 


6 
6 


1.3358 


1.3410 


1.3463 


1.8617 


1.3572 


1.3627 


1.3683 


1.3740 


1.3797 


1.3856 


1.3915 


66 


3358 


3411 


3464 


8618 


3673 3628 


8684 


8741 


8798 


8856 


3916 


8975 


4 


57 


3359 


3413 


3465 


8519 


3674 3629 


3685 


8742 


3799 


3857 


3917 


8976 


8 


58 


3360 


3413 


8466 


8520 


3676 


3630 


3680 


8743 


3800 


8858 


3918 


3977 


2 


69 


3361 


3414 


3467 


3521 


3576 


8631 


3687 


3744 


3801 


3859 


3919 


3978 


1 


60 


3362 


3415 


3468 


3522 


3576 


3632 


3688 


3745 


3802 


3860 


3919 


3979 
12' 
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' TABLE XVII. ^ 






LooARfTHMO of the First and Secomb Cob user uhts. 


1 






Tlw Opt ConrMtion it olHJ^y* to h« taken fhmitbeT«p. And also tiM Second, when Um | 








Apparent Diatance is premier itum 90o. 








s. 




4 DEGRBE8. 


60 






36' 


37' 


38' 


89' 


40* 


41' 


42' 


4$' 


44' 


46' 46^ 


47' 






1.8751 


l.»935 


1.9128 


1.9331 


1.9642 


1.9765 


2.0000 


2.0248 


2.0612 


2.0792 2.1091 


2.1413 






1 


8764 


8939 


9132 


9834 


9546 


9769 


0004 


0252 


0616 


0797 


1097 


1419 


69 






2 


8757 


8942 


9135 


9337 


9560 


9773 


0008 


0267 


0621 


0801 


1102 


1424 


68 






S 


8760 


8945 


9138 


9841 


9663 


9777 


0012 


0261 


0626 


0806 


1107 


1430 


67 






4 

5 


8763 


8948 


9142 


9344 


9667 


9780 


0016 


0266 


0630 


0811 


1112 


1436 


56 
66 






1.8766 


1.8951 


1.9145 


1.9348 


1.9561 


1.978^1 


2.0020 


2.0270 


2.0634 


2.0816 


2.1117 


2.1441 






C 


8769 


8954 


9148 


9861 


9664 


9788 


0024 


0274 


0639 


0821 


1123 


1447 


64 






7 


8772 


8968 


9162 


9365 


9668 


9792 


0028 


0278 


0643 


0826 


112d 


1452 


53 






8 


8775 


8961 


9166 


9868 


9571 


9796 


0032 


0282 


0648 


0831 


1133 


1458 


62 









8778 


8964 


9168 


9862 


9576 


9800 


0036 


0287 


0662 


0836 


1138 


1464 


61 
60 


; 




10 


1.8781 


1.8967 


1.9162 


1.9306 


1.9679 


1.9803 


2.0040 


2.0291 


2.0667 


2.0840 


2.1143 


2.1469 






11 


8784 


8970 


9166 


9309 


9682 


9607 


0044 


0206 


0662 


0846 


1149 


1475 


49 






12 


8787 


8973 


9168 


9372 


9586 


9811 


0049 


0300 


0666 


0860 


ll<f4 


1481 


48 


- 




13 


8790 


8977 


9172 


9376 


0590 


9815 


0063 


0304 


0671 


0866 


1169 


1486 


47 


. 




11 


8793 


8980 


9176 
1.9179 


9379 


9593 


9819 


0057 


03Q8 


0676 


0860 


1164 


1492 


46 


, 




15 


1'.8796 


1.8983 


l.9ar83 


1.9697 


1.D823 


2.6061 


2.0313 


2.0680 


k.0866 


1.1170 


2.1498 


46 






16 


8799 


8986 


9181 


9386 


9601 


9827 


0065 


0817 


0686 


0870 


1176 


1603 


44 






17 


8802 


8989 


9185 


9390 


9604 


9880 


0069 


0821 


L 0689 


0876 


1180 


1609 


48 






18 


8805 


8992 


9188 


9393 


9608 


9834 


0073 


0326 


0694 


0880 


1186 


1616 


48 


* 




19 

2a 


8808 


8996 


9191 


9397 


9612 


9838 


0077 


0330 


0698 


0884 


1191 


1520 


41 

40 


, 




1.8811 


1.8999 


1.9195 


1.9400 


1.9615 


1.9842 


2.0081 


2.0334 


2.0603 


8.0889 


2.1196 


2.1526 






21 


8814 


9002 


9198 


9404 


9619 


9846 


0085 


0339 


0608 


0894 


1201 


1632 


39 


1 




22 


8817 


9005 


9201 


9407 


9623 


9860 


0089 


0343 


0612 


0899 


1207 


1638 


38 






23 


8821 


9008 


9205 


9411 


9626 


9864 


0093 


0347 


0017 


0904 


1212 


1543 


37 






24 
26 


8824 


9012 


9208 


9414 


9630 


9868 


0098 


0362 


0621 


0909 
2.09^4 


1217 


1649 


36 
36 






1.8827 


1.9015 


1.9212 


1.9418 


1.9634 


1.9861 


2.0102 


2.0360 


2.0626 


2.1223 


2.1565 






2C 


8830 


9018 


9215 


9421 


9638 


9886 


0106 


0300 


0681 


0919 


1228 


1561 


34 






27 


8833 


9021 


9218 


9425 


9641 


9809 


0110 


0366 


0685 


0924 


1213 


1566 


33 






28 


8836 


9024 


9222 


9428 


9645 


9873 


0114 


0369 


0640 


0929 


1239 


1572 


32 






29 
30 


8839 


9028 


9225 


9482 


9649 


9877 


0118 


0374 


0645 


0934 


1244 


1578 


31 
30 






1.8842 


1.9031 


1.9228 


1.9435 


1.9652 


1.9881 


2.0122 


2.0378 


2.0649 


2.0939 


2.1249 


2.1684 






31 


8845 


9034 


9232 


9439 


9656 


9885 


0126 


0382 


0664 


0944 


1265 


1589 


29 






32 


8848 


9037 


9235 


9442 


9660 


9889 


0131 


0387 


0669 


0949 


1260 


1595 


28 






33 


8851 


9041 


9288 


9446 


9664 


9893 


0135 


0391 


0663 


0964 


1266 


1601 


27 






34 
33 


8864 


9044 


9242 


9449 


9667 


9897 


0139 


0395 


0668 


0959 


1271 


1G07 


26 
25 






1.8857 


1.9047 


1.9245 


1.9453 


1.9671 


1.9901 


2.0143 


2.0400 


2.0673 


2.0964 


2.1276 


2.1613 






36 


8861 


9050 


9249 


9456 


9075 


9905 


0147 


0404 


0678 


0969 


1282 


1619 


24 






37 


8864 


9053 


9252 


9460 


9678 


990b 


0151 


0409 


0682 


0974 


1287 


1624 


23 






38 


8867 


9057 


9255 


9464 


9682 


9912 


0166 


0413 


0687 


0979 


1292 


1030 


22 






39 
40 


8870 


9060 


9259 


9467 


9686 


9916 


0160 


0418 


0692 


0984 


1298 


1636 


21 






1.8873 


1.9063 


1.9262 


1.9471 


1.9690 


1.9920 


2.01d4 


2.0422 


2.0696 


2.0989 


2.1303 


2.1642 


20 






41 


8876 


9066 


9266 


9474 


9693 


9924 


0168 


0426 


0701 


0994 


1309 


1648 


19 






42 


8879 


9070 


9269 


9478 


9697 


9928 


0172 


0431 


0706 


0999 


1314 


1654 


18 






43 


8882 


9073 


9272 


9481 


9701 


99a2 


0176 


0435 


0711 


1004 


1320 


1660 


17 






44 
45 


8885 


9076 


92T6 


9485 


9705 


9936 


0181 


0440 


0715 


1009 


1325 


1665 


16 
15 






1.8888 


1.9079 


1.9279 


1.9488 


1.9T08 


1.9940 


2.0185 


2.0444 


2.0720 


2.1015 


2.1331 


2.1671 






46 


8892 


9083 


9283 


9492 


9712 


9944 


0189 


0449 


0725 


1020 


1336 


1677 


14 






47 


8895 


9086 


9286 


9496 


9716 


9948 


0193 


0453 


0730 


1025 


1342 


1683 


13 






48 


8898 


9089 


9289 


9499 


9720 


9952 


0197 


0468 


0734 


1030 


1347 


1689 


12 






49 
50 


8901 


9092 


9293 


9503 


9723 


9956 


0202 


0462 


0739 


1035 


1352 


1695 


11 

10 






1.8904 


1.9096 


1.9296 


1.9506 


1.9727 


1.9960 


2.0206 


2.0467 


2.0744 


2.1040 


2.1358 


2.1701 






51 


8907 


9099 


9300 


9510 


9731 


9964 


0210 


0471 


0749 


1045 


1363 


1707 


9 






62 


8910 


9102 


9303 


9514 


9735 


9968 


0214 


0475 


0753 


1050 


1369 


1713 


8 






63 


8913 


9106 


9306 


9517 


9739 


9972 


0219 


0480 


0758 


1055 


1374 


1719 


7 






64 
66 


8917 


9109 


9310 


9621 


9742 


9976 


0223 


0484 


0763 


1061 


1380 


1725 


6 
5 






1.8920 


1.9112 


1.9313 


1.9624 


1.9746 


1.9980 


2.0227 


2.0489 


2.0768 


2.1066 


2.1386 


2.1731 






66 


8923 


9115 


9317 


9528 


9750 


' 9984 


0231 


0493 


0773 


1071 


1391 


1737 


4 






67 


8926 


9119 


9320 


9532 


9764 


9988 


0235 


0498 


0777 


1076 


1397 


1743 


3 






68 


8929 


9122 


9324 


9535 


9758 


9992 


0240 


0602 


0782 


1081 


1402 


1749 


2 






69 


8932 


9125 


9327 


9639 


9761 


9996 


0244 


0507 


0787 


1086 


1408 


1755 


1 






60 


8935 


9128 


^31 


9642 


9765 


2.0000 


0248 


0512 


0792 


1091 


1413 


1761 











23' 


22f 


21' 


20' 


19' 


18' 


17' 


16' 


16' 


14' 


13' 


12' 


8. 






5 DEGREES. 










When liie Apparent Distance is <et« than 900, the Second Correction Is to be takciTfrom the Bottom. \ 




1 




i 



70 














TABLB XVIll 


» 




* 


Third CoRRicrioNy to Apfareiit Diatakce 2(P. 


yB 

App 

Alt 
o 


APPARBNT ALTITUDE OF THE 9i<My OR ▲ STAR. 


>• 

App 

Alt 



6*^ 


t« 


80 

1 a 


90 


loo 


11^ 


13° 


\4P 

1 a 


I60 18^^ 


30" 


22" 


2i40 


260 


28" 

t a 


30" 

« a 


f tf 


1 1 


/ # 


t a 


/ » 


/ tf 


/ tf 


# # 


t a 


/ a 


6 


1 38 


1 42 


1 46 


I 55 


8 7 


2 19|2 84 


3 93 43 


4 17 


4 5l|5 25 


5 596 82 






6 


7 


t46 


1 37 


1 40 


1 40 


1 53 


2 3 


2 12 


2 863 1 


8 20 


3 57 


4 24 


4 505 16 






7 


8 


155 


1 43 


1 86 


t 40 


1 44 


1 40 


1 56|2 14 


2 85 


2 56 


3 17 


3 394 0|4 2l 


4 42 




8 





3 8 


I 51 


1 40 


1 36 


I 30|1 42 


1 45 


1 57 


2 123 29 


2 47 


3 5 


3 33 


3 41 


3 58 




9 


10 
11 


3.33 

3 88 


3 
2 11 


1 46 
1 51 


1 40 


1 86 


t 87 
1 35 


1 891 46 
1 87 1 4(^ 


1 56 
1 46 


2 102 24 

1 562 8 


2 382 538 8 
2 202 322 44 


3 23 
2 56 


8 37 

3 7 


10 
11 


1 45 


1 88 


12, 


2 53 


2 33 


2 8 


1 51 


1 41 


1 37 


I 85 


187 


1 41 


1 47 


1 56 


2 62 16 


2 26 


2 35 


2 44 


13 


n^ 


3 9 


3 35 


3 18 


1 57 


1 46 


1 40 


1 37 


I 85 


I 37 


1 41 


1 48 


156 


2 4 


2 12 


2 19 


3 20 


13 


14 


3 2> 


2 47 


3 23 


2 8 


1 52 


1 44 


1 89 1 83 


I 84 


1 37 


1 42 


1 48 


I 54 


2 


2 5 


2 11 


14 


15 


8 41 


8 
3 13 


3 34 
3 45 


2 11 

2 20 


1 58 


I 49 


1 42 1 35 
1 461 86 


1 83 


1 85 


1 88 
1 84 


1 41 
1 36 


1 45 


1 50 
1 48 


1 54 
1 46 


1 59 
I 50 


15 
16 


16 


3 58 


2 4 


1 54 


1 33 


1 83 


IT 


4.15 


3 20 


3 56 


2 29 


2 10 


1 50 


1^0 


1 88 


1 33 


1 81 


1 82 


1 83 


1 84 


1 36 


1 89 


1 42 


17 


18 


4 32 


3 40 


3 7 


3 88 


2 17 


2 4 


I 54 


1 40 


1 34 


1 80 


I 80 


1 80 


1 31 


1 33 


1 34 


1 36 


18 


10 


4 40 


3 58 


3 18 


3 47 


2 24 


2 9 


1 58 


1 48 


1 35 


1 81 


1 29 


1 29 


1 39 


1 30 


1 82 


1 88 


19 


80 

ai 


5 5 

5 31 


4 6 
4 19 


8 98 
3 89 


3 5^ 
3 4 


3 81 

3 38 


3 15 
3 20 


12 2 


1 46 


1 87 
1 39 


1 31 

1 82 


1 28 
1 29 


1 38 
1 27 


1 38 


1 39 


i 80 
1 27 


1 80 


30 


3 6 


1 49 


1 27 


1 27 


1 37 


21 


S2 


5 86 


4 82 


3 49 


3 12 


2 46 


2 26 


2 11 


1 53 


1 40 


1 83 


1 29 


I 3$ 


1 35 


1 25 


I 25 


1 25 


38 


29 


5 51 


4 44 


8 59 


8 20 


8 53 


3 82 


2 16 


1 57 


1 43 


1 34 


1 29 


1 36 


1 35 


134 


1 24 


1 23 


33 


34 


6 5 


4 56 


4 9 


3 28 


8 


2 88 


2 22 


2 


I 43 


1 35 


1 80 


1 36 


1 34 


i 34 


1 23 


1 22 


34 


35 
.36 


6 19 
6 33 


5 7 
5 18 


4 18 


8 86 


8 7 
8 14 


3 44 

2 49 


2 36 
2 81 


2 8 

2 6 


1 45 

1 47 


1 86 
1 87 


1 80 


1 36 


1 84 
1 25 


1 28 
123 


1 21 
1 21 


1 20 
1 19 


25 


4 37 


i 44 


1 31 


1 37 


3T 


6 45 


5 20 


4 85 


8 52 


3 20 


2 54 


2 85 


2 8 


1 40 


1 88 


1 82 


1 38 


1 35 


1 23 


1 21 


1 19 


27 


28 




5 89 


4 42 


8 59 


8 26 


2 50 


2 88 


2 11 


1 50 


1 80 


1 83 


1 38 


I 35 


1 33 


1 21 


I 19 


38 


39 






4 49 


4 6 


8 82 


8 4 


3 41 


2 18 


1 52 


1 40 


138 


1 28 


1 25 


1 23 


1 21 


1 19 


30 


SO 
31 








4 IS 


8 87 

8 43 


8 8 
8 12 


3 45 


3 15 


1 54 
1 56 


1 41 
1 42 


1 84 
1 84 


1 38 
I 38 


1 35 
1 35 


1 28 
1 22 


1 31 
1 30 


1 19 
1 18 


80 
81 




• 


a 49 


3 16 


33 


. 










3 16 


3 53 


3 18 


I 58 


1 48 


1 84 


1 38 


1 34 


131 


1 19 


1 18 


82 


83 








' 






3 55 


3 80 


1 59 


1 48 


I 83 


1 37 


1 34 


1 21 


1 19 


1 17 


88 


84 
















3 31 


1 50 


1 43 


183 


1 36 


1 33 


1 20 


1 18 


1 16 


84 


35 
86 
















3 32 


1 59 
1 59 


1 48 

1 42 


1 83 
1 81 


1 35 


1 33 


1 19 


1 17 


1 15 


85 

86 












I 34 


1 30 


1 17 


1 15 


1 14 


37 


■ 
















1 59 


1 42 


1 80 


1 23 


1 19 


I 16 


1 14 


I 18 


87 


88 




















1 41 


1 29 


1 32 


1 18 


1 15 


1 13 


I 13 


88 


89 




















1 41 


1 38 


1 21 


I 17 


1 18 


1 11 


1 11 


89 


40 
41 






















1 37 
1 36 


1 30 


1 15 


1 12 

1 10 


1 10 
1 9 


1 10 

• 


40 


1 18 


1 13 


1 8 


41 


43 


, 






















I 17 


1 11 


1 8 


I 7 


1 7 


48 


48 
























1 16 


I 10 


I 6 


1 5 


1 5 


48 


44 


























1 9 


1 4 


1 8 


1 8 


44 


46 

48 


























1 7 


1 3 


1 


I 


46 






59 


56 


56 


48 


50 






























53 


50 


50 


53 
































45 


53 


54 


































54 


56 
58 


































56 

58 












60 


































60 


63 


































63 


64 


































64 


66 

08 



































66 














68 


70 


































70 


- 73 


































78 


74 


































74 


76 

78 


















■ 
















76 

78 




















80 


































80 


82 


































82 


84 


































84 


86 


































86 1 


. 


6° 


7© 


80 


90 


100 


11° 


lao 


140 


16° 


18© 


30° 


230 


240 


36" 


28® 


80"| - • 







TABLE XVIII. 


'. 




Third Corrrctiok, to Apparent Distance 20^, 1 


App 
Alt. 

o 

G 

7 
8 



APPARENT ALTITUDE OP THE SUN, OR STAR. 


a 


App 
Alt 


6 
7 
8 
9 


32^ , :»4 


3o^ 

« H 


3b- 


v/9 


46° 

1 H 


50O 1 640 


58° 

1 M 


020 


660 


70O 


740 


7bO 


H20|bt;o 


/ tf 


1 M 


/ It 


1 It 


1 a 


/ K 


t H 


/ » 


/ n 


1 


to 




















■ 














10 


II 


3 16 




















. 










11 


12 


2 52 






























12 


13 


2 322 38 






























13 


14 


2 162 21 






























14 


15 


2 3 


2 7 
1 56 


2 13 
1 59 




























15 
16 


Hi 


1 53 












17 


1 441 46 


1 47 


1 51 


























17 


18 


1 371 30 


1 40 


1 41 


























18 


19 


1 831 34 


1 34 


1 34 


























19 


20 
21 


1 301 30 
1 271 26 


1 29 
1 25 


1 28 
1 23 


1 26 












• 












20 
21 


1 21 














22 


1 211 23 


1 22 


I 20 


1 18 
























22 


2S 


1 221 21 


1 20 


1 18 


I 15 
















• 








28 


24 


1 211 20 


1 18 


1 16 


1 12 


1 8 






















24 


25 
26 


1 191 18 
1 17 1 16 


1 16 
1 14 


1 14 


1 9 


1 4 
1 1 






















26 

26 


1 12 


1 7 






27 


1 17 1 15 


1 13 


1 U 


1 6 


1 






















27 


28 


1 171 15 


1 13 


1 10 


I 4 


67 


60 




















28 


29 


1 171 16 


1 14 


1 11 


I 5 


68 


60 




















29 


30 
31 


1 181 17 
1 17 1 16 


1 15 
1 15 


1 12 
1 12 


1 7 
1 7 


69 
69 


60 




















80 
31 


61 






32 


1 17 1 16 


1 14 


1 12 


1 7 


69 


61 


42 














• 


1 


82 


33 


1 161 15 


1 13 


1 12 


1 8 




62 


48 












' 






83 


34 


1 151 14 


1 13 


1 11 


1 8 




68 


48 










• - 


■ 






84 


35 
36 


1 141 13 
1 131 12 


1 12 
1 11 


1 11 
1 10 


I 8 
I 7 




68 
64 


44 

46 


86 








»* 








86 
86 










37 


1 121 11 


1 10 


I 9 


1 6 




64 


46 


87 
















87 


38 


1 111 10 


1 9 


1 8 


1 6 




66 


47 


88 










\ 






88 


39 


1 101 10 


1. 9 


1 8 


1 5 




66 


,47 


30 




' 






■ 






39 


40 
41 


1 91 9 
1 81 8 


1 8 
1 7 


1 6 


1 4 


1 


65 
55 


48 
48 


89 


82 








I 


1 




40 
41 


1 6 


1 3 


89 


82 














42 


I 71 7 


1 6 


1 4 


1 2 


69 


65 


48 


40 


83 














42 


43 


1 51 5 


1 6 


1 4 


1 2 


69 


65 


48 


40 


88 














48 


44 


1 41 4 


1 4 


1 8 


1 1 


69 


66 


48 


40 


84 


29 












44 


40 

48 


1 11 2 

56. 58 


1 2 

5i' 


I ] 

59 


1 

6b 


58 


64 


48 


41 
43 


86 
87 


80 












46 


66 


63 


49 


81 


26 


- 








48 


50 


52 


54 


55 


56 


65 


64 


61 


48 


43 


88 


83 


27 










60 


52 


48 


40 


50 


61 


51 


61 


49 


47 


43 


89 


85 


29 


24 








62 


54 


44 


43 


45 


46 


47 


48 


47 


45 


43 


40 


86 


SO 


26 








64 


56 
58 




88 


40 


42 


44 


45 
42 


45 


44 


42 


40 


85 


81 


27 


22 






66 






46 


88 


40 


43 


42 


40 


88 


84 


81 


27 


23 






68 


60 








84 


36 


89 


41 


41 


89 


86 


83 


29 


26 


28 


21 




60 


62 










83 


86 


88 


89 


88 


85 


82 


29 


26 


24 


22 




02 


64 










80 


83 


85 


87 


87 


85 


82 


29 


27 


25 


22 




64 


fi6 












80 


82 


15 
32 


86 


84 


81 


29 


27 


26 


28 


21 


66 


68 












27 


89 


84 


82 


80 


28 


26 


26 


23 


21 


68 


70 






» 








27 


80 


82 


81 


20 


27 


26 


24 


22 


20 


70 


72 


' 


' 










25 


27 


29 


29 


28 


27 


25 


23 


21 


20 


72 


74 


• < 






. 








25 


27 


27 


27 


26 


24 


22 


21 


20 


74 


76 

78 




I 


' 








' 


28 


25 


26 


26 
25 


25 
21 


24 


22 


20 

20 


19 


76 

78 




- 




• 


- - 


■ 




.- 


23 


23 


21 


80 


1 




. 












21 


23 


24 


28 


22 


21 


20 




80 


82 




1 
















22 


23 


22 


21 


21 






82 


84 










' 










21 


22 21 


21 






1 


84 


- 


t 


1 
t 


1 
360 1380 


420 










21 


20 
70O 


2G 

7^ 


1 
■ 






^ 


399 


84o' 


460 


40O 


640| 


4»o 


620 660 


780 


820 


HrtO 











^ 


1 
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Third Corr£CTion» to Apparent Distance 24^. 



4pp 



APPARENT ALTITUDE OF THE 8l*N, OR STAR. 



rsi 




TABLE XVIH. 


_.. 


n 


Xhird Corukction to Apparent Distance 24^. 


App 
Alt 

o 


APPARENT ALTITUDE OP THE SUN, 


OR STAR. 




Adp 
Alt 





U9 


UP 


380 


42« 


46^ 

1 n 


50^ 


540 


58® 

/ 9 


62° 


66O 


TOO 


740 


78° 


820 


fe60 


1 1 


t a 


1 » 


/ y 


6 
7 


































6 

7 


8 


4 58 
































8 


9 


4 12 


















> 














9 


10 
11 


3 39 


3 51 


























a^BM^ian 




10 
11 


3 11 


3 21 


3 30 


- . 










12 


2 48 


2 56 


8 5 


3 12 


























12 


IS 


2 30 


2 37 


2 44 


2 49 


























13 


14 


2 16 


2 22 


2 27 


2 32 












4 














14 


15 
16 


2 4 
1 54 


2 9 
1 59 


2 14 
2 8 


2 18 
2 6 


























16 
16 


2 11 


















17 


1 46 


1 50 


1 53 


1 56 


2 
























17 


18 


1 40 


1 43 


1 45 


1 47 


1 51 








■ 
















18 


19 


1 35 


1 37 


1 39 


1 41 


1 43 
























%9 


20 
21 


1 30 
1 26 


1 32 
1 27 


1 33 
1 28 


I 34 
1 29 


1 3r. 

1 3(^ 


1 38 






















20 


1 31 


















22 


1 22 


I 23 


1 24 


1 24 


I 25 


1 25 






















$2 


23 


1 20 


I 20 


1 21 


1 21 


I 21 


I 21 






















is 


24 


1 18 


I 18 


1 19 


1 19 


1 18 


I 17 


1 15 




















94 


25 
26 


1 16 
1 14 


1 16 
1 14 


1 17 
I 14 


1 17 
1 14 


1 16 


1 14 


1 11 

1 8 
















^ 




25 
26 


1 13 


1 11 














27 


1 13 


1 13 


1 12 


I 12 


1 11 


1 9 


1 6 














. 






27 


28 


1 12 


I 12 


1 11 


1 10 


1 9 


I 7 


1 4 


1 1 


















88 


29 


1 11 


I 11 


I 10 


1 9 


1 8 


1 5 


i 2 


59 


















$9 


30 
31 


1 11 
1 10 


1 10 

i 9 


1 9 
I 8 


1 8 
I 8 


1 7 
1 6 


1 4 


1 


57 
55 


















30 
"81 


1 2 


58 
















32 


1 9 


1 9 


1 8 


1 7 


1 5 


1 1 


57 


54 


51 
















82 


38 


1 9 


I 8 


I 7 


1 6 


1 4 


1 1 


57 


53 


50 
















88 


34 


I 9 


I 7 


1 6 


1 5 


1 3 


1 


57 


53 


49 
















84 


•35 
36 


I 9 
1 8 


I 7 
1 7 


1 6 
1 6 


1 5 


1 2 


1 
1 


56 
56 


52 
51 


48 
47 


44 














85 

SO 


I 4 


1 2 














37 


I 8 


I 6 


1 5 


1 3 


I 1 


58 


55 


51 


46 


43 














37 


38 


1 8 


I 6 


1 5 


1 3 


I 


57 


54 


50 


46 


43 














3^i 


39 


1 8 


1 6 


I 4 


1 2 


59 


56 


62 


48 


45 


42 




1 










3^ 


40 
41 


1 7 
1 15 


I 5 
I 4 


1 4 
1 3 


I 2 
1 1 


59 

58 


55 
54 


61 
50 


47 
47 


44 
44 


41 

41 


39 
88 












41 


■ 








42 


1 5 


L 4 


1 3 


I 1 


57 


54 


50 


47 


44 


41 


38 












42 


43 


1 4 


1 3 


1 2 


1 


56 


53 


50 


47 


43 


40 


87 


84 




. 






43 


44 


I 3 


1 2 


1 1 


59 


56 


53 


60 


47 


48 


40 


37 


84 










44 


46 

48 


I 1 

59 


1 
59 


59 

58 


58 
57 


55 
54 


52 
51 


49 


46 


43 
43 


40 

40 


37 
37 


34 


82 








46 

48 


49 


46 


34 


82 






60 


57 


57 


56 
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86 
41 

40 
60 
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^ 69 

i 3 

8 7 
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15 
18 
21 
84 
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23 

42 
31 
25 



21 
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16 
17 



19 
21 
23 
25 
27 



1 30 
t 33 
1 36 
\ 39 
1 42 



46 
60 
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1 67 
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2 
2 



4 

8 

12 

15 

19 



2 22 
2 25 
2 28 
2 81 
2 84 



16^ 
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48 
18 
57 
44 
84 



27 
23 
20 
18 
16 



15 
16 
17 
18 
20 
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I 

I 84 
1 86 

1 88 
I 
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I 82 
1 84 
1 37 
1 40 
I 43 
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39 
8 42 
8 45 
2 50 

8 64 
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1 
1 
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I 
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2 

i 

2 
2 

2 
2 
2 
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46 
49 
62 

65 

58 

1 
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6 

8 
10 

13 
16 
18 
20 
23 
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8 13 
2 37 

2 14 
I 68 
t 45 



I 86 
I 29 
1 84 
1 81 

1 18 



16 
15 



1 14 
1 16 

I 161 



17 

1 18 
1 19 
I 81 
82 



24 
86 
1 87 
29 
81 



1 83 
1 86 

1 88 
1 40 
1 43 

I 45 
I 47 
1 49 
I 51 
1 62 

64 

66 

68 
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2 26 
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8 6 
8 8 
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i 68 
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i 18 

1 67 
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15 
14 
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14 
14 
16 
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81 
83 



84 
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27 
29 

n 
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84 

35 
86 

i5 
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41 
42 
43 

ii 

47 
49 
51 
68 
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66 
46 
87 
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25 
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/ 
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80 
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4 
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65 
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8 68 17 
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13 
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17 
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20 
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22 
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27 
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81 
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39 
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81 
1911 



17 
15 



14 
12 
11 
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il 



11 
11 
11 
12 

13 



13 
14 
15 
16 

21 
18 
19 
19 

20 
20 

81 
22 
22 
23 
24 

85 
86 

88 
29 

1? 
80 
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80 



90 
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140 
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240 



44 
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85 

82 

19 

17 



1 
1 



15 
13 
12] 
11 
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1 91 
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9 

10 
10 



1 



16 
11 
11 
12 
13 

13 
14 
14 
15 
16 

16 
16 
16 
17 
17 

18 
19 
19 
20 
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1 81 
1 21 
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80 
25 
44 
11 
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85 
80 
25 
22 
19 



16 
14 
13 
11 
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8 

7 
8 
8 



b 
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9 

9 
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^1 
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16 
14 
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U 
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8 
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7 

_6 

6 
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10 
10 
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10 
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12 

12 

13 
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14 

14 
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45 

46 

2 
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7 
7 
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8 

8 
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8 
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b 
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15 

16 
17 
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20 
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26 
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27 

28 
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30 
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35 
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40 
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32^ 
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34- 
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i u 


38^ 


420 


[46° 
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540 


580 
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660 


70© 


740 
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780 
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/ a 
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1 w 


/ t 
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6 


6 10 


6 33 


6 55 
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6 


7 


5 7 


5 26 


5 44 


6 2 


























7 


8 


4 20 


4 37 


4 52 


5 7 


5 35 
























8 


9 


3 4l 


3 56 


4 10 


4 24 


4 50 
























9 


10 
11 


3 12 
2 51 


3 25 
3 2 


3 38 
3 18 


3 50 
8 23 


4 12 
3 42 
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10 
"11 














12 


2 33 


2 43 


2 51 


3 00 


3 17 


3 33 






















12 


IS 


2 18 


2 26 


2 34 


2 42 


2 56 


3 9 
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18 


14 


2 5 


2 12 


2 19 


2 27 


2 39 


2 50 






















14 


15 


1 55 


2 2 
1 53 


2 8 
I 58 


2 14 
2 3 


2 25 
2 18 


2 35 
2 22 


2 80 





















15 
16 


16 


1 47 






17 


1 40 


1 45 


t 50 


1 54 
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2 11 


2 18 




















17 


18 


1 34 


1 38 
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I 46 


1 53 


2 
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18 


l^ 


1 29 
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1 36 


1 39 


1 45 


1 51 


1 57 
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21 
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1 21 
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1 83 
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1 42 
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21 


1 28 


1 32 
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22 
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1 27 
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22 


23 
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1 30 
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24 
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1 28 


1 26 


I 29 
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24 


25 
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1 21 
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26 


26 
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1 12 


1 14 


1 17 


1 19 
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27 


1 8 


1 9 
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1 16 
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27 


28 


1 8 
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1 9 
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28 


29 


1 7 
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1 1 


1 1 












83 


34 


1 51 4 


1 8 


1 2 
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59 
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46® 
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' B 
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6 1 


6 22 


6 43 
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.6 
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1 43 


5 1 
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5 36 


6 11 
























7 


8 i 


1 1 


4 16 


4 31 


4 46 


6 16 


6 45 






















8 


9 ; 


1 29 


3 42 


3 55 


4 8 


4 33 


4 58 






















9 


10 ; 

11 1 


1 4 

8 43 


3 16 

2 64 


3 27 
3 4 


3 38 


8 59 


4 20 






















10 
11 


3 13 


3 32 


8 50 












12 : 


% 27 


2 36 


2 45 


2 53 


8 10 


8 25 


8 40 












■ 








12 


13 : 


18 13 


2 21 


2 29 


2 37 


2 51 


8 4 


8 16 




















13 


14 : 


2 2 


2 9 


2 16 


2 23 


2 36 


2 47 


2 57 




















14 


15 
16 


1 53 
1 45 


I 59 
1 50 


2 5 

1 56 


2 11 

2 1 


2 23 
2 12 


2 33 
2 21 


2 42 

2 29 


2 36 
















• 


15 
16 






17 


1 38 


I 42 


1 47 


1 53 


2 2 


2 10 


2 17 


% 24 










■ 








17 


IB 


1 32 


1 36 


1 40 


I 45 


I 53 


2 1 


2 7 


2 13 


















18 


19 


1 27 


1 30 


I 34 


1 38 


1 45 


1 52 


I 68 


2 3 


















19 


20 
21 


1 23 
I 20 


1 26 
1 22 


1 29 
1 25 


I 83 

1 28 


1 38 
1 38 


1 44 

I 38 


1 49 
1 43 


1 54 
I 47 


1 58 
1 61 
















20 
21 






22 


I 17 


1 18 


1 20 


1 2:i 


1 28 


I 83 


I 37 


I 41 


I 45 
















22 


23 


1 14 


1 15 


1 17 


1 19 


1 24 


1 28 


1 32 


I 86 


I 39 
















23 


24 


I 11 


1 12 


1 14 


1 16 


1 20 


1 23 


1 27 


1 3] 


1 84 


1 37 














24 


25 
26 


1 9 


1 10 


1 11 
1 9 


1 13 
1 11 


1 16 
1 13 


1 19 


1 22 


1 26 
1 21 


1 29 


1 31 














25 
26 


I 8 


1 8 


1 16 


1 18 


1 24 


1 26 


27 


1 7 


I 7 


1 8 


I 9 


I 11 


1 13 


1 16 


I 17 


I 20 


1 22 














27 


28 


1 6 


1 6 


1 7 


I 8 


I 9 


I 11 


1 12 


1 14 


1 16 


1 18 


1 20 
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28 


29 


I 6 


1 6 


1 6 


I 7 


1 8 


1 9 


1 10 


I 11 


1 13 


1 14 


I 16 












89 


30 
81 


I 5 
I 5 


1 5 

1 5l 


1 5 
1 5 


I 6 
I 5 


I 7 
1 6 


1 7 

1 6 


1 8 
1 6 


1 9 

1 7 


1 10 
1 8 


I 11 
I 9 


1 13 
1 10 










* 


SO 
81 






32 


I 4 


1 4 


I 6 


1 5 


1 5 


1 5 


I 5 


1 5 


1 6 


1 7 


I 8 


I 9 
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82 


S3 


r 4 


1 4 


1 4 


1 4 


I 4 


1 4 


1 4 


1 4 


1 4 


1 5 


1 5 


1 6 




t 






33 


34 


I 4 


1 3 


I 3 


I 3 


1 3 


1 3 


1 3 


1 3 


1 3 


I 3 


I 3 


1 3 










84 


35 


1 4 


I 3 


1 3 


1 3 


1 2 


1 1 


1 1 


I 1 


1 1 


1 1 


I 1 


I 1 










85 


36 


1 4 


I 3 


1 2 


1 2 


1 1 


1 


1 


1 


1 


1 


1 


1 


1 








^. 


87 


1 4 


1 3 


1 2 


1 1 


59 


' 59 


69 


60 


69 


59 


59 


59 


68 








87 


88 


I 4 


I 3 


1 1. 


I 


58 


58 


68 


58 


58 


58 


58 


58 


67 


« 






88 


39 


1 5 


1 3 


1 1 


1 


68 


58 


58 


58 


57 


67 


67 


56 


56 


1 






89 


40 


1 5 


I 3 


1 1 


I 


68 


67 


67 


67 


67 


66 


66 


55 


54 


63 






40 


41 


1 6 


I 3 


1 1 


59 


57 


56 


56 


56 


56 


55 


54 


53 


62 


52 




4 


4) 


42 


I 6 


1 3 


1 1 


69 


67 


56 


55 


55 


55 


54 


63 


52 


51 


51 




• 


42 


43 


1 6 


1 3 


1 1 


59 


56 


55 


54 


54 


54 


63 


52 


51 


50 


501 


49 




43 


44 


1 6 


1 3 


1 1 


59 


56 


54 


53 


53 


53 


52 


51 


50 


49 


49 


48 




44 


46 

48 


1 6 
1 7 


1 3 
1 3 


1 1 
1 1 


59 
59 


56 
66 


54 

54 


53 
52 


62 
51 


51 
49 


50 

48 


49 
47 


48 
46 


48 
.46 


47 
46 


47 

45 




46 


M 


48 


50 


1 7 


1.3 


1 1 


59 


56 


53 


51 


50 


48 


47 


46 


45 


;45 


.44 


44 


44 


50 


52 


1 7 


1 8 


1 1 


59 


55 


52 


50 


49 


48 


47 


. 46 


46 


44 


43 


42 


. 42 


(»2 


54 


1 7 


1 3 


1 1 


59 


55 


52 


50 


48 


47 


46 


46 


44 


43 


42 


41 


41 


54 


56 


1 7 


1 3 


1 


58 


55 


52| 49 


48 


47 


46 


45 


44 


43 


42 


41 


40 


TSO 


58 


1 7 


I 3 


1 -0 


58 


55 


62 


49 


47 


46 


45 


44 


43 


42 


41 


To 


^89 


58 


60 


1 7 


1 3 


1 


58 


55 


51 


48 


46 


45 


44 


43 


42 


41 


40 


30 


38 


60 


62 


1 7 


1 ,3 


1 


58 


54 


51 


4fc 


46 


44 


43 


42 


41 


40 


39 


38 




62 


64 


I 7 


1 3 


1 


58 


54 


51 


48 


46 


44 


43 


42 


40 


39 


38 


37 


, 


64 


66 

68 


I 8 
1 8 


1 3 
1 3 


1 
1 


57 
57 


54 


50 


47 

47 


45 
45 


48 


42 


41 
40 


39 
39 


<S8 
38 


87 






66 

68 


54 


50 


43 


42 


37 




70 


1 8 


1 ^3 


1 


57 


53 


50 


47 


44 


42 


41 


40 


39 


38 








70 


72 


. 
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\ 
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58 


50 


46 


43 


41 


40 


89 


88 










t2 


74 






1 


57 


52 


49 


4C 


43 


41 


40 


89 


88 










74 


76 

78 
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57 


52 
51 


48 


45 


43 


41 


39 
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87 


87 
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. 48 


46 


42 


40 


39 
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47 


44 


42 


40 


39 
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80 


82 
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1 
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44 


41 


40 


38 














82 


84 
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44 


41 


39 


38 










■ 




84 


86 
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' 


42© 




44 


4) 


39 
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86 
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1 540 
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7 
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11 
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13 
14 
16 
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17 
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19 
20 

21 
22 
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APPARENT ALTITUDE OF TUB SUN, OR STAR. 
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7 
8 
9 
10 

11 
12 
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1 32 
1 20 


1 36 
1 32 


1 39 
1 34 


1 41 
1 86 


I 43 
1 38 


1 45 

1 40 






' 


25 
26 


1 19 


1 23 


1 26 


27 


1 11 


1 12 


1 13 


1 14 


1 17 


1 20 


1 23 


1 26 


1 28 


I 30 


1 32 


1 34 


1 3^ 








27 


28 


1 10 


1 11 


1 12 


1 13 


1 15 


1 18 


1 20 


1 23 


1 25 


1 27 


1 28 


1 30 


1 3^ 


I 34 






28 


20 


1 9 


1 10 


1 11 


1 12 


1 14 


1 16 


1 18 


1 20 


1 22 


1 24 


1 26 


1 27 


1 28 


1 30 






29 


SO 


1 9 


1 10 


1 10 


1 11 


I 12 


1 14 


1 16 


1 18 


1 19 


1 21 


1 22 


1 24 


1 26 


I 26 




1 


30 


ai 


1 9 


1 9 


I 9 


1 10 


1 11 


1 12 


1 14 


1 16 


1 17 


I 19 


1 20 


1 21 


I 22 


1 23 






31 


32 


1 8 


1 8 


1 8 


1 9 


1 10 


Ml 


1 18 


1 14 


1 15 


1 17 


1 18 


1 19 


1 19 


1 20 


1 21 


. 


32 


83 


1 8 


1 7 


1 7 


1 8 


1 9 


1 10 


1 U 


1 12 


1 18 


1 16 


1 16 


1 17 


1 17 


1 17 


1 18 




33 


34 


1 8 


1 6 


1 6 


1 7 


1 8 


1 9 


1 10 


1 11 


1 12 


1 13 


1 14 


1 14 


1 16 


1 16 


1 16 




34 


35 
36 


1 8 


1 6 


1 5 
1 5 


1 6 


1 7 


1 8 


1 9 


1 9 


1 10 


1 11 
I 9 


1 12 
1 10 


1 12 


1 13 


1 13 
1 11 


1 14 

1 12 


1 13 


35 
36 


1 8 


1 6 


1 5 


1 5 


1 6 


1 7 


I 7 


1 8 


1 10 


1 11 


37 


1 9 


1 7 


1 5 


1 4 


1 4 


1 5 


1 6 


1 6 


1 7 


1 7 


1 8 


1 8 


1 6 


1 9 


1 10 


1 11 


37 


38 


1 9 


1 7 


1 5 


I 3 


1 3 


1 4 


1 5 


1 5 


I 6 


1 6 


1 7 


1 7 


1 8 


1 8 


1 8 


I 9 


38 


39 


1 9 


1 7 


1 5 


1 3 


1 3 


1 3 


1 4 


1 4 


I 5 


1 6 


1 6 


1 6 


1 6 


I 7 


1 7 


I 7 


39 


40 
41 


1 9 


1 7 

1 8 


1 5 
1 5 


1 3 


1 2 


1 2 
1 1 


1 8 

1 2 


1 8 
I 2 


1 4 

1 3 


1 4 
1 3 


1 6 
1 4 


1 6 


1 5 


1 6 
1 6 


1 6 
1 6 


1 6 
1 6 


40 
41 


1 10 


1 3 


1 1 


1 4 


1 4 


42 


1 10 


1 8 


1 5 


1 3 


1 1 


1 1 


1 1 


1 2 


1 2 


1 2 


1 3 


1 3 


1 8 


1 4 


1 4 


1 4 


42 


43 


1 11 


1 8 


1 6 


1 4 


1 1 


1 


1 


1 1 


1 1 


1 1 


1 2 


1 2 


1 2 


1 3 


1 3 


1 3 


43 


44 


1 12 


1 9 


1 6 


1 4 


1 1 


1 


1 


1 


1 


1 


1 1 


1 1 


1 1 


I 1 


1 1 


1 1 


44 


46 


1 12 
1 13 


1 9 


1 6 


1 4 


1 1 


59 


59 


59 

6b 


59 

68 


59 

68 


59 
57 


69 
67 


59 
67 


59 
67 


59 
67 


69 
67 


4b 


48 


I 10 


1 7 


1 4 


1 1 


69 


58 


50 


1 18 


1 10 


1 7 


1 5 


1 1 


59 


57 


57 


67 


67 


56 


56 


66 


66 


66 




60 


52 


1 14 


1 11 


1 8 


1 5 


1 1 


59 


57 


56 


56 


56 


55 


56 


64 


54 


64 


* 


62 


54 


1 15 


1 11 


1 8 


1 6 


1 2 


59 


57 


56 


55 


66 


54 


54 


63 


68 






64 


56 

58 


1 16 
I 16 


1 11 


1 8 


1 6 


1 2 


59 


57 


56 
66 


54 
64 


54 
63 


63 
62 


53 
52 


62 
51 


62 






66 

6b 


1 12 


1 9 


1 6 


1 2 


59 


67 


60 


1 16 


1 12 


1 9 


1 6 


1 2 


59 


57 


56 


58 


52 


52 


51 


50 








60 


62 


1 17 


1 13 


1 10 


1 7 


1 2 


59 


57 


55 


53 


62 


51 


51 








* 


62 


64 


I 17 


1 13 


1 10 


1 7 


1 2 


59 


57 


56 


58 


62 


51 


50 










64 


66 

68 


1 18 
1 18 


1 14 
1 14 


1 10 
1 10 


1 7 
1 7 


I 3 
i 8 


59 
69 


57 
56 


54 
54 


62 
62 


51 
61 


50 
50 






— 






66 
6b 






70 


1 19 


1 15 


I 11 


1 8 


1 3 


59 


56 


64 


62 


51 














70 


72 


1 19 


I 15 


1 11 


1 8 


I 3 


59 


56 


64 


52 


50 














72 


74 


1 20 


1 15 


1 11 


1 8 


1 3 


59 


56 


53 


51 
















74 


76 

78 


1 20 
1 21 


1 16 
1 16 


1 12 
1 12 


1 8 
1 9 


1 3 
I 4 


59 
59 


66 
56 


63 
63 


51 
















76 

7b 






80 


1 21 


1 16 


1 12 


1 9 


1 4 


59 


56 


53 


















80 


82 


1 21 


1 16 


1 12 


1 9 


1 4 


59 


56 




















82 


84 




1 16 


1 12 


1 9 


1 4 


59 


66 




















84 1 


86 






1 12 


1 9 


1 4 


59 




















86 11 




320 


340 


36° 


3bO 


42© 


46© 


6OO 


640 


58° 


62<^ 


66^ 


70© 


740 


780 


82o|860| 1 \ 


, , . ^ 



" 
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TaiRD OoRHECTioN, to Ap^iiRtHt DistAnefi St9. 1 




App 
Alt. 
o 


APPABCNT ALTiTirOE OT THB «UN, OR ST4«. 


App 




•Jio' 

/ Jf 


34* 


36^ 

1 a 


38<=> 


4j|0 


46® 


50O 


54© 


68«> 


620 


660 


700 


740 


780 


82*> 


86® 


Alt 




/ « 


/ « 


/ i 


/ 1 


/ t 


' « 


/ k 


/ If 


/ If 


/ » 




6 


4 41 


« u 


5 18 


5 34 


• 6 


6 86 


7 4 


7 29 


7 53 





















7 


3 59 


4 SO 


4 43 


5 9 


5 84 


5 58 


6 20 


6 43 
















7 




8 


3 8i» 


3 43 


3 55 


4 8 


4 30 


4 52 


5 18 


5 32 


5 50 


6 6 






* 








8 




9 


3 4 


3 1$ 


3 26 


3 37 


3 58 


4 17 


4 36 


4 51 


5 6 


5 16 














9 




10 
11 


2 4$ 

2 30 


2 54 

2 3b 


3 4 

2 47 


3 14 


3 32 


3 48 


1 4 


4 20 


4 33 

4 .6 


4 46 
4 16 














10) 
11 




2 55 


3 11 


3 26 


3 40 


3 54 
















12 


2 17 


2 25 


2 32 


3 40 


2 54 


3 7 


3 20 


3 32 


3 43 


3 52 


4 1 












12 




13 


2 7 


2 13 


2 20 


2 26 


2 39 


3 51 


3 3 


3 14 


3 24 


3 32 


3 38 












13 




14 


1 58 


a 3 


2 9 


2 14 


2 26 


3 37 


2 46 


3 58 


3 7 


3 14 


3 20 












14 




15 
16 


1 49 
1 42 


1 54 
1 47 


1 59 
1 51 


2 4 
1 66 


3 15 


2 26 


2 35 

2 24 


2 44 
2 32 


2 52 


2 59 


3 5 
3 52 


2 57 










15 
16 




2 7 


2 16 


2 40 


2 46 




i ^^ 


1 37 


1 41 


1 46 


1 60 


2 


2 8 


2 15 


2 22 


2 29 


2 35 


2 40 


2 44 










17 




16 


1 32 


1 36 


1 40 


1 46 


1 53 


2 


3 7 


2 13 


2 19 


3 25 


2 30 


3 33 










18 




19 


1 29 


1 32 


1 36 


1 40 


I 47 


1 53 


3 


3 6 


3 11 


2 16 


2 21 


3 34 










19 




20 
21 


1 26 
1 23 


1 29 
1 26 


1 32 

I 26 


1 36 
1 31 


1 41 
1 37 


1 47 
1 42 


1 53 


1 59 


3 4 


3 9 


2 13 


3 16 


2 19 








20 
21 




1 47 


1 53 


1 58 


2 2 


2 6 


2 9 


2 11 








22 


1 21 


1 28 


1 25 


1 26 


1 33 


1 37 


1 42 


1 47 


1 52 


1 66 


1 59 


2 3 


2 4 




^ 




22 




23 


1 19 


I 21 


1 23 


1 26 


1 29 


1 33 


1 38 


1 42 


1 47 


1 61 


1 64 


1 56 


I 58 








23 




24 


1 17 


1 19 


1 21 


1 23 


1 26 


1 30 


1 34 


1 38 


1 42 


1 46 


1 49 


1 51 


1 53 


1 55 






34 




25 
26 


1 16 


1 17 


1 19 
1 17 


1 20 
1 18 


1 28 
1 21 


1 27 
1 24 


1 30 
1 27 


1 34 
1 30 


1 37 

1 33 


1 41 

1 36 


1 44 

1 39 


1 46 
1 41 


1 48 
1 43 


1 49 
1 44 






25 
26 




1 15 


1 16 




27 


1 14 


1 15 


1 16 


1 17 


1 19 


1 22 


1 24 


1 27 


1 30 


1 32 


1 35 


1 37 


I 39 


1 40 






37 




28 


1 13 


1 14 


1 15 


1 16 


1 17 


1 20 


1 22 


1 24 


1 27 


1 29 


1 31 


1 33 


1 35 


1 86 


1 37 




38 




29 


1 12 


1 13 


1 14 


1 15 


1 16 


1 18 


1 20 


1 22 


1 24 


1 26 


1 28 


1 30 


1 31 


1 33 


1 33 




39 




30 
31 


I 12 
1 11 


1 12 
1 11 


1 13 
1 12 


1 18 
1 12 


1 14 
1 13 


1 16 
1 15 


1 18 


1 20 


1 22 
1 20 


1 24 
1 22 


1 25 
1 23 


1 37 
1 24 


1 38 
1 25 


1 29 
1 26 


1 30 
1 27 




30 
^1 




1 16 


1 lb 




32 


1 11 


1 11 


1 11 


1 11 


I 12 


1 14 


1 15 


1 16 


1 18 


1 20 


1 21 


1 32 


1 23 


1 28 


1 24 


1 35 


33 




33 


1 11 


1 10 


1 10 


1 10 


1 11 


1 13 


1 14 


1 15 


1 17 


1 18 


1 19 


1 20 


1 21 


1 21 


1 23 


1 22 


33 




34 


1 11 


1 10 


1 10 


1 10 


1 11 


1 12 


1 13 


1 14 


1 16 


1 17 


1 17 


1 18 


1 19 


1 19 


1 20 


1 20 


34 




35 


1 11 


1 10 
1 10 


I 10 
1 


1 10 
1 9 


1 10 


1 11 


1 12 


1 13 


1 14 
1 12 


1 15 
1 13 


1 16 


1 16 


1 17 
1 15 


1 17 


1 18 


1 18 
1 16 


85 
36 




36 


1 11 


1 9 


1 10 


1 11 


I 11 


1 13 


1 14 


1 15 


1 16 




37 


1 U 


1 10 


1 9 


1 


1 9 


1 9 


1 10 


1 10 


1 11 


1 11 


1 13 


1 12 


1 IS 


1 13 


1 14 


1 14 


87 




38 


1 11 


1 10 


1 9 


1 8 


I 8 


1 9 


1 9 


1 9 


1 10 


1 10 


1 11 


1 11 


1 11 


1 11 


1 12 


1 13 


38 




39 


1 11 


1 10 


1 9 


1 8 


1 8 


1 8 


1 8 


1 8 


1 9 


1 9 


1 10 


1 10 


1 10 


1 10 


1 10 


1 10 


39 




40 
41 


1 12 
1 12 


1 10 
1 11 


1 9 
1 9 


1 8 
1 8 


1 7 

I 7 


1 7 
1 7 


1 7 
1 7 


1 7 
1 7 


1 8 
1 7 


1 8 
1 7 


1 9 
1 8 


1 9 


1 9 


1 9 


1 9 


1 


40 
41 




1 8 


1 8 


1 8 


1 8 


1 8 




42 


1 13 


1 11 


1 9 


1 8 


1 6 


1 6 


1 6 


1 6 


1 6 


1 6 


1 7 


1 7 


I 7 


1 7 


I 7 


1 7 


43 




43 


1 13 


1 11 


1 9 


1 8 


1 6 


1 6 


1 6 


1 6 


1 6 


1 6 


1 6 


1 6 


1 6 


1 6 


1 6 


1 6 


48 




44 


1 14 


1 11 


1 9 


1 8 


1 6 


1 6 


I 5 


1 6 


I 6 


1 5 


1 5 


1 5 


1 5 


1 5 


1 5 


1 5 


44 




46 

48 


1 14 
1 16 


1 12 
1 13 


1 10 
1 11 


1 9 
1 9 


1 6 
1 6 


1 4 
1 4 


1 4 

1 3 


1 4 

1 3 


1 4 


1 4 


1 4 

1 2 


1 8 

1 1 


1 3 
1 1 


1 3 
1 1 


1 8 
1 1 




46 




1 3 


1 2 




48 




50 


1 16 


I 14 


1 11 


1 9 


1 6 


1 4 


1 2 


1 2 


1 3 


1 1 


1 


1 


1 


1 






50 




52 


1 17 


I 15 


1 12 


1 9 


1 6 


1 4 


1 2 


1 1 


1 1 


1 


1 


60 


68 


68 






63 




54 


1 18 


1 15 


1 12 


1 9\ 


I 6 


1 4 


1 2 


1 1 


1 


69 


59 


58 


57 








54 




56 
58 


1 18 
1 19 


1 15 
1 16 


1 12 
1 13 


1 10 
1 10 


1 6 
1 6 


1 4 

I 4 


1 2 

1 2 


1 
1 


59 
59 


68 

5b 


68 
57 


67 
66 


66 








56 








II 




60 
62 
64 


1 20 
I 21 
1 22 


1 16 
1 17 

1 18 


1 13 
1 13 
1 14 


1 10 
I 10 
1 11 


1 7 

I 7 
1 7 


1 4 
1 4 
1 4 


I 2 
I 1 
1 1 


1 
50 
59 


68 
68 
67 


67 
66 
66 


66 
65 
64 


65 


• 








TABLB/*. effect of SUN'S FAl 
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R. 




66 

08 
70 


1 22 
1 22 


1 18 

1 10 

1 18 


1 14 

1 14 
1 14 


1 11 

1 11 
1 11 


1 7 

I 7 

1 ty 


I 4 

1 3 
1 3 


1 1 

1 
1 


59 

6b 
58 


57 

56 
56 


55 
54 






liac* to 3rd Correctuib, ■ 


«b- 


^ 




Adi 


* SA'* Ar^rml *ll|t»* 




1 23 


I 7 








tFt' 


IVTi 


lau 


30^ 


to 80 61 

17 // 7 


D 70 


80 


|0 




72 


1 2S 


1 19 


1 15 


1 11 


1 7 


I 3 


1 


57 


55 










M U 


It 


// 


// 


// 


* 




74 


1 24 


1 19 


1 15 


I 11 


1 7 


1 3 


1 


57 










I 


\ jO 2 


9 




\ 4 










76 


1 21 


1 19 


1 15 


1 12 


1 7 


1 3 


1 


56 








1 


K 


1 I 1 

1 3 3 


1 


1 


1 3 4 
1» ^ 


3 








78 


1 24 


I 19 


1 15 


1 U 


1 7 


1 3 


1 u 












3( 


> i A 






1 fl 


. J_ 








80 


1 2^ 


1 19 


1 15 


1 12 


I 7 


I 3 


1 












4( 


» 7 6 






% 3 I 


1 





£. 




82 


1 25 


1 20 


116 


1 12 


1 7 


1 3 














6t 


1 8 8 
> 9 


6 

7 




1 3 3 
8 4 4 


2 
3 


3 






84 


1 25 


1 20 


1 16 


I 12 


1 7 


» 3 






* 








7( 


1! 






e ft I 


( 








86 


1 25 


1 2J 


1 16 


1 12 


I 7 








1 








8( 


» 






1 6 










• 


32° 


U° 


36° SS*^ 


42° 


460 


E%(iO 


KtQ 1 />wO 


62° 


(H>c 




9( 


) 






7 










itV I »r-w 1 «#».? 


'- 1 1 
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1 
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Third CoBtECTiON to Apparent Dibtavce 5^. 






D'» 


APPARENT ALTITUDE OF THE SUN, OR STAK. 


D'8 






App 
Alt 
o 








App 
Alt 








1 u 


70 1 


80 
/ If 


yo 

/ u 


MP 

1 u 


11*^ 


1 7 


140 


16© 


18^ 


20° 


22° 
i n 


240 


26« 


28° 
* n 


30^ 






/ » 




/ n 


/ u 






6 


1 20 


1 2*^ 


1 25 


1 29 


1 35 


1 41 


1 48 


2 2 


2 18 


2 35 


2 62 


8 10 


8 27 


8 45 


4 8 


4 20 


6 






7 


1 23 


1 20 


1 22 


I 24 


I 27 


1 Si 


1 37 


1 48 


2 1 


2 16 


2 29 


2 43 


8 68 


8 12 


3 27 


8 42 


7 






8 


1 28 


1 23 


1 20 


1 21 


1 23 


1 26 


I 29 


1 38 


1 48 


2 


2 12 


2 28 


2 86 


2 48 


8 1 


8 14 


8 






9 


1 34 


1 27 


1 22 


1 20 


1 21 


1 ^ 


\ 25 


1 81 


1 89 


1 48 


1 68 


2 8 


2 18 


2 29 


2 40 


2 50 


9 






10 


1 40 


1 31 


1 25 


1 22 


1 20 


1 21 


1 22 


1 26 


1 82 


1 89 


1 48 


1 56 


2 5 


2 15 


2 24 


2 83 


10 






11 


1 47 


1 36 


1 29 


1 25 


1 22 


1 20 


1 21 


1 23 


1 27 


1 83 


1 40 


1 47 


1 56 


2 4 


2 12 


2 20 


11 






12 


1 54 


1 42 


1 33 


1 28 


1 24 


1 21 


1 20 


1 21 


1 24 


1 28 


1 84 


1 40 


1 47 


1 66 


2 2 


2 9 


12 






13 


2 2 


1 4h 


1 38 


1 31 


1 26 


1 28 


1 21 


1 20 


1 22 


1 25 


1 80 


1 85 


1 41 


1 47 


1 64 


2 


13 






14 


2 10 


1 54 


I 4$ 


1 S5 


1 29 


1 26 


1 22 


1 19 


1 20 


1 28 


1 27 


1 81 


1 86 


1 41 


1 47 


1 62 


14 






15 


2 18 


2 1 


1 48 


1 39 


1 38 


1 28 


1 24 


1 21 


1 10 


1 21 


1 24 


1 27 


1 82 


1 86 


1 41 


1 46 


16 






16 


2 27 


2 b 


1 53 


1 43 


1 36 


1 31 


1 26 


1 22 


1 19 


1 19 


1 21 


1 24 


1 28 


1 32 


1 86 


1 40 


16 






17 


2 35 


2 15 


1 59 


1 47 


1 40 


1 84 


1 29 


1 28 


1 20 


1 18 


1 19 


1 22 


1 26 


1 28 


1 82 


1 86 


17 






18 


2 44 


2 22 


2 4 


1 52 


1 43 


1 37 


1 31 


1 25 


1 20 


1 17 


1 18 


1 20 


1 22 


1 25 


1 28 


1 81 


18 






19 


2 53 


2 20 


2 10 


1 57 


1 47 


1 40 


1 34 


1 26 


1 21 


1 18 


1 17 


1 19 


1 20 


1 28 


1 25 


1 28 


19 






20 


3 2 


2 36 


2 16 


2 2 


1 51 


1 44 


1 87 


1 28 


1 22 


1 19 


1 17 


1 18 


1 19 


1 21 


1 28 


1 25 


20 






21 


3 11 


2 44 


2 22 


2 8 


i 55 


1 47 


1 40 


1 80 


1 24 


1 20 


1 18 


I 17 


1 18 


1 10 


1 21 


I 23 


21 






22 


3 20 


2 51 


2 29 


2 13 


2 


1 61 


1 43 


1 82 


1 25 


1 21 


1 18 


1 16 


1 17 


1 18 


1 19 


1 21 


22 






23 


3 29 


2 58 


2 35 


2 lb 


2 5 


1 55 


1 46 


1 85 


1 27 


1 22 


1 19 


1 17 


1 16 


1 17 


1 18 


1 19 


28 






24 


3 38 


3 5 


2 42 


2 23 


2 9 


1 69 


1 60 


1 87 


1 29 


I 24 


1 20 


1 17 


1 16 


1 16 


1 17 


1 18 


24 






25 
26 


3 47 
3 55 


3 13 
3 20 


2 49 
2 55 


2 29 
2 34 


2 14 

2 19 


2 3 
2 7 


1 53 
1 57 


1 39 
1 42 


1 31 
1 33 


1 25 
1 27 


1 21 
1 22 


1 18 
1 19 


1 16 


1 16 


1 16 
1 16 


1 17 
1 16 


25 
26 






1 17 


1 16 






27 


4 4 


3 27 


3 1 


2 39 


2 24 


2 12 


2 1 


1 45 


1 35 


1 28 


1 23 


1 19 


1 17 


1 16 


1 16 


1 16 


27 




' 


28 


4 12 


3 34 


3 8 


2 45 


2 29 


2 16 


2 6 


1 48 


1 37 


1 30 


1 24 


1 20 


1 18 


1 16 


1 15 


1 16 


28 




■ 


29 


4 21 


3 41 


3 14 


2 50 


2 33 


2 20 


2 8 


1 51 


1 39 


1 31 


1 25 


1 21 


1 18 


1 16 


1 15 


1 15 


29 






30 


4 29 


3 48 


3 20 


2 55 


2 38 


2 24 


2 12 


1 54 


1 41 


1 38 


1 26 


1 21 


1 18 


1 16 


1 15 


1 15 


80 






31 


4 38 


3 55 


3 20 


3 


2 43 


2 28 


2 16 


1 57 


1 44 


1 34 


1 28 


1 22 


1 18 


1 16 


1 16 


1 15 


81 






32 


4 46 


1 2 


3 32 


3 6 


2 48 


2 32 


2 19 


2 


1 46 


1 36 


1 29 


1 28 


1 19 


1 17 


1 16 


1 16 


32 






33 


4 54 


4 9 


3 39 


3 11 


2 53 


2 36 


2 23 


2 8 


1 49 


1 38 


1 31 


1 25 


1 20 


1 17 


1 16 


1 15 


33 






34 


5 2 


4 16 


3 45 


3 16 


2 57 


2 40 


2 26 


2 6 


1 51 


1 40 


1 32 


1 26 


1 21 


1 18 


1 16 


1 15 


34 




' 


35 


5 10 


4 23 


3 51 


3 22 


3 2 


2 44 


2 30 


2 9 


1 58 


1 42 


1 84 


1 27 


1 22 


1 18 


1 16 


1 15 


35 






30 


5 18 


4 30 


3 57 


3 27 


3 6 


2 48 


2 38 


2 12 


1 55 


1 44 


1 35 


1 28 


1 23 


1 19 


1 17 


1 16 


36 






87 


5 26 


4 37 


4 8 


3 32 


3 10 


2 52 


2 37 


2 15 


1 58 


1 46 


1 87 


1 29 


1 24 


1 20 


1 18 


1 16 


37 






38 


5 33 


4 43 


4 8 


8 37 


3 14 


2 56 


2 41 


2 17 


2 


1 48 


1 38 


1 30 


1 25 


1 21 


1 18 


1 16 


38 






39 


5 41 


4 50 


4 14 


3 42 


8 19 


3 


2 45 


2 20 


2 2 


1 50 


1 39 


1 31 


1 25 


1 21 


1 18 


1 16 


39 






40 
41 


5 48 
5 55 


4 66 

5 2 


4 19 
4 25 


d 47 
3 52 


3 28 
3 26 


8 4 

3 8 


2 48 
2 51 


2 23 
2 25 


2 4 
2 6 


1 51 
1 53 


1 40 


1 32 


1 26 
1 27 


1 22 
1 23 


1 19 

1 20 


1 16 
1 17 


40 
41 






1 42 


1 33 






42 


6 2 


5 8 


4 30 


3 57 


8 32 


3 11 


2 54 


2 28 


a 9 


1 65 


1 43 


1 34 


1 28 


1 24 


1 20 


1 17 


42 






43 


6 9 


5 14 


1 85 


4 2 


3 36 


3 U 


2 58 


2 31 


2 12 


1 57 


1 44 


1 35 


1 29 


1 25 


1 21 


1 17 


43 






44 


6 16 


5 20 


4 40 


4 7 


3 40 


8 19 


8 1 


2 34 


2 14 


1 59 


1 46 


1 37 


1 31 


1 26 


1 22 


1 18 


44 






46 


6 29 


5 32 


4 50 


4 IC 


3 4S 


8 26 


3 8 


2 40 


2 1^ 


2 2 


1 49 


1 40 


1 33 


1 28 


1 23 


1 19 


46 






48 


6 42 


5 4jf 


4 59 


4 24 


3 56 


3 33 


3 14 


2 45 


2 22 


2 6 


1 62 


1 43 


I 36 


1 3U 


1 25 


1 20 


48 






50 


6 54 


5 54 


5 8 


4 32 


4 3 


8 40 


3 19 


2 50 


2 26 


2 9 


1 55 


1 45 


1 38 


1 32 


1 26 


1 21 


50 






52 


7 6 


6 4 


5 17 


4 39 


4 10 


8 40 


3 24 


2 55 


2 30 


2 12 


1 58 


1 48 


1 40 


1 33 


1 27 


1 22 


52 






54 


7 18 


6 14 


5 25 


4 46 


4 16 


3 62 


3 29 


2 59 


2 84 


2 15 


2 


I 50 


1 42 


1 35 


1 29 


1 24 


54 






56 


7 29 


6 24 


5 33 


4 53 


4 22 


3 57 


3 34 


3 3 


2 37 


2 19 


2 8 


1 52 


1 43 


1 36 


1 80 


1 25 


56 






68 


7 40 


6 33 


5 41 


5 


4 28 


4 2 


3 89 


3 7 


2 41 


2 22 


2 6 


1 54 


1 45 


1 87 


1 31 


1 26 


58 






60 


7 60 


6 41 


5 48 


5 7 


4 84 


4 7 


3 43 


3 11 


2 44 


2 25 


2 8 


1 56 


1 47 


1 89 


1 32 


1 27 


60 






62 


7 58 


6 48 


5 65 


5 13 


4 40 


4 12 


3 48 


3 15 


2 47 


2 28 


2 11 


I 58 


1 48 


1 40 


1 33 


1 28 


62 






64 


8 6 


6 55 


6 1 


5 19 


4 45 


4 17 


8 52 


3 18 


2 50 


2 30 


2 18 


2 


1 60 


1 41 


1 34 


1 29 


64 






66 






6 7 


5 24 


4 50 


4 21 


3 66 


3 20 


2 53 


2 32 


2 15 


2 2 


1 51 


1 42 


1 35 


1 29 


66 






68 










4 65 


4 25 


4 


8 22 


2 55 


2 34 


2 17 


2 4 


1 52 


1 43 


1 36 


1 30 


68 






70 














4 4 


8 24 


2 57 


2 36 


2 18 


2 5 


1 53 


1 44 


1 37 


1 31 


70 






72 
















3 26 


2 59 


2 37 


2 19 


2 6 


1 54 


1 45 


1 38 


1 82 


72 






74 






. 












3 1 


2 38 


2 20 


2 7 


1 65 


1 46 


1 89 


1 82 


74 






76 

78 




• 
















2 39 


2 21 
2 22 


2 8 
2 b 


1 50 
1 67 


1 47 

1 48 


1 39 
1 40 


1 33 
L 33 


76 

78 














80 
























2 9 


1 58 


1 48 


1 40 


1 84 


80 






82 


























1 68 


1 48 


1 40 


1 84 


82 






84 




























1 49 


1 41 


1 84 


84 






86 


■ 




























1 41 


1 84 


86 






^■'"* 


(P 


70 


8^ 


90 


10^ 


11^ 


120 


140 


16^ 


18^ 


20° 


2iiO 


240 


26° 


28^ 


300 


1 
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'Third Correction, to Apparent Distance 56°. 




D'» 


APPARENT ALTITUDE OF THE SUN, OR STAR. f 




Alt. 

o 




App 




S2« 

/ 


34^ 
/ a 


360 

4 a 


38^ 


42^ 


46° 


60° 

t It 


64^ 

/ 9 


58° 
/ If 


62° 

1 a 


66° 

/ It 


70° 

* K 


740 

1 II 


78° 
# 9 


82^ 
/ 9 


80" 


Alt. 






/ a 


/ a 




6 


4 374 64 


6 10 


6 26 


6 66 


6 26 


6 62 


7 16 


7 37 


7 56 






. 








6 




7 


3-674 11 


4 2o 


4 38 


6 3 


5 29 


6 62 


6 12 


6 31 


6 48 














7 : 




8 


3 263 38 


3 51 


4 3 


4 26 


4 47 


5 6 


6 23 


6 40 


5 66 


6 9 












8 ■ 




9 


3 13 12 


3 2H 


3 33 


3 53 


4 12 


4 30 


4 46 


5 


6 13 


6 26 










i 


9 




10 


2 43 2 63 


3 2 


3 11 


3 28 


3 45 


4 1 


4 15 


4 27 


4 39 


4 60 












10 




U 


2 292 37 


2 45 


2 63 


3 9 


3 24 


3 38 


3 50 


4 1 


4 12 


4 21 












11 




12 


2 162 23 


2 30 


2 38 


2 62 


3 6 


3 18 


3 28 


3 38 


3 47 


3 66 


4 4 










12 




13 


2 62 1^ 


2 18 


2 26 


2 37 


2 60 


3 1 


3 10 


3 19 


3 28 


3 36 


3 42 










13 




14 


1 672 8 


2 8 


2 14 


2 25 


2 36 


2 47 


2 66 


3 4 


3 12 


3 19 


3 24 










14 




15 
10 


1 501 65 
I 441 48 


I 69 
1 53 


2 6 

1 68 


2 15 
2 7 


2 26 


2 36 


2 44 


2 61 


2 68 
2 46 


3 4 

2 61 


3 10 
2 67 


8 2 








16 
16 




2 10 


2 26 


2 33 


2 39 




17 


1 391 43 


1 48 


1 62 


2 


2 a 


2 16 


2 24 


2 30 


2 36 


2 4Q 


2 46 


2 49 








17 




18 


1 361 39 


1 43 


1 47 


1 64 


2 1 


2 8 


2 16 


2 21 


2 26 


2 31 


fi 36 


2 38 








18 




19 


1 31 1 35 


1 38 


1 42 


1 48 


1 66 


2 1 


2 7 


2 13 


2 18 


2 28 


2 27 


2 30 








19 




20 
21 


I 281 31 


1 34 
1 SO 


1 37 


1 43 


1 49 


1 66 


2 


2 6 


2 10 


2 16 


2 19 


2 22 
2 14 


2 26 
2 16 






20 
21 




1 26 1 27 


1 33 


1 38 


1 44 


1 49 


1 64 


1 58 


2 3 


2 7 


2il 




22 


1 221 24 


I 27 


1 30 


1 34 


1 39 


1 44 


1 48 


1 62 


1 66 


2 


2 4 


2 6 


2 8 






22 




23 


I 201 22 


I 24 


1 27 


1 31 


1 35 


1 40 


1 44 


1 47 


1 61 


1 54 


1 67 


2 (^ 


2 2 






23 




24 


I 191 20 


1 22 


1 26 


1 28 


1 32 


1 36 


1 40 


1 43 


1 46 


1 49 


1 62 


1 64 


1 56 


1 58 




24 




26 
26 


1 181 19 
1 171 18 


1 21 
I 19 


1 23 


1 26 


1 29 
1 27 


1 33 
1 30 


1 36 


1 39 


1 42 
1 38 


1 44 
1 40 


1 47 
1 42 


I 49 
1 44 


1 61 
1 46 


1 63 

I 43 




26 




1 21 


1 24 


1 33 


1 36 




26 




27 


1 161 17 


I 18 


1 19 


1 22 


1 25 


1 27 


1 30 


1 32 


1 36 


1 37 


1 39 


1 40 


1 42 


1 44 




27 




28 


I 161 16 


1 17 


1 18 


1 20 


1 23 


1 25 


1 27 


1 29 


1 32 


1 34 


1 36 


1 37 


1 39 


1 40 


1 41 


2.S 




29 


1 161 15 


1 16 


1 i; 


1 19 


1 21 


1 23 


1 26 


1 27 


1 29 


I 31 


1 33 


1 34 


1 36 


1 36 


1 37 


29 




30 
31 


I 15 1 15 
I 141 14 


1 16 


I 16 


1 17 


I 19 
1 18 


1 21 

1 19 


1 23 


1 26 


1 27 


1 29 


1 30 
1 28 


1 31 
1 29 


1 32 

1 29 


1 38 


1 34 


30 
31 




1 15 


1 15 


1 16 


I 21 


1 23 


1 25 


1 27 


1 30 


1 31 




82 


1 141 14 


1 14 


1 14 


1 16 


1 17 


1 18 


1 19 


1 21 


1 23 


1 25 


1 26 


1 27 


1 27 


1 27 


1 28 


32 




33 


1 141 13 


I 13 


1 13 


1 14 


1 16 


1 17 


1 18 


1 20 


1 21 


I 23 


I 24 


1 26 


1 26 


1 26 


1 20) 


33 




34 


1 141 13 


I 13 


1 13 


I 14 


1 16 


1 16 


1 17 


1 19 


1 20 


1 21 


1 22 


I 23 


1 23 


1 23,1 24 34 } 1 




35 


I 141 IS 


1 13 


1 13 


1 13 


1 14 


1 16 


1 16 


1 I7II 18 


1 19 


1 20 


1 21 


1 21 
1 10 


1 21! 1 2'i\ 


35? j 




36 


I 141 13 


I 12 


I I2I 


1 12 


1 13 


1 14 


1 16 


1 16,1 16 


1 17 


1 18 


1 19 


1 19 


I 2j» 


3a 1 




37 


t 14,1 13 


I VI 


1 12 


1 12 


1 12 


1 13 


1 14 


1 16 


1 15 


1 16 


1 16 


1 17 


1 17 


1 17 


I l^ 


^^ t 1 




38 


I 141 13 


I 12 


1 11 


1 11 


1 12 


1 13 


1 13 


1 14 


1 14 


1 15 


1 1^ 


1 16 


1 16 


1 16 


I 1; ; i 




39 


1 141 13 


I 12 


1 11 


1 11 


1 11 


1 12 


1 12 


1 13 


1 13 


1 13 


1 1» 


1 14 


1 14 


1 16 


1 16 1 j 




40 


1 1411 13 


1 12 


1 11 


1 10 


1 10 
1 10 


1 11 
1 10 


1 11 
1 10 


1 12 


1 12 


1 12 
1 11 


1 12 
1 11 


1 12 
1 11 


1 13 
1 12 


1 13 
1 12 


1 li . Vi' \ 

■■ --, --^'i 




41 


I 161.14 


1 12 


1 IJ 


1 10 


1 11 


1 11 




42 


1 161 14 


1 12 


1 11 


1 9 


1 9 


1 9 


1 9 


1 10 


1 10 


1 10 


1 10 


1 10 


1 11 


1 11 




43 


I 16 


1 14 


1 12 


I 11 


1 9 


1 9 


1 9 


1 9 


1 9 


1 9 


1 9 


1 9 


1 9 


1 10 


1 10 






44 


1 16 


1 14 


1 12 


I 11 


1 9 


1 8 


1 8 


1 8 


1 8 


1 8 


1 8 


1 a 


1 8 


1 9 


1 9 


1 




46 


1 17 


1 16 
1 16 


1 13 
1 13 


1 12 
1 12 


1 9 
1 ^ 


1 7 
1 7 


1 7 
1 6 


1 7 
1 6 


1 6 
1 6 


1 6 
1 6 


1 6 
1 6 


1 7 
1 6 


1 7 
1 6 


1 7 
1 6 




-J 




48 


1 17 




-/ ' ^- 




50 


1 18 


1 16 


I 14 


1 12 


1 9 


1 6 


1 6 


1 6 


1 4 


1 4 


1 4 


1 4 


1 4 








iiM 




62 


I 191 17 


1 16 


1 13 


1 9 


1 6 


1 4 


1 4 


1 3 


1 8 


1 3 


1 8 


1 8 








52 




64 


1 20 1 17 


1 16 


1 13 


1 


I 6 


1 4 


1 3 


1 8 


1 2 


1 2 


1 2 










64 




66 

68 
60 


1 21 
I 22 


1 18 


I 16 


I 14 


1 10 


1 6 

1 6 
1 6 


1 4 

1 4 
1 4 


1 2 

1 2 
1 2 


1 2 

1 1 
1 1 


1 1 

1 
1 


1 1 

1 
1 


1 1 










56 




1 19 


1 16 
1 16 


I 14 
1 14 


1 10 
1 10 














1 23 


1 19 




TAILK /*. BTKICr or sow. PAI 


< 




62 


1 24 


1 20 


1 17 


1 14 


1 10 


1 6 


1 4 


1 2 


I 1 


1 






AittI the Nuinberi abore ihe 






64 


1 24 


1 20 


1 17 


I 14 


1 11 


I 7 


1 4 


1 2 


I 


1 






liue« to 3rd Correction, tub- 
tnct the ottiprw. 






66 


1 26 
1 26 


I 21 
1 21 


1 18 
1 18 


1 16 
I 16 


1 11 
1 11 


1 7 

1 7 


I 4 
1 4 


1 2 

1 :i 


I 
1 








y» 


Mva't ^piMtrant ilitud*. 


lu 




68 


- *. i!i 


Vu 


JO i 


10 5_ 6; 


^7t- 


ou S 




70 


1 26 


1 22 


1 19 


1 16 


1 11 


I 7 


1 4 


1 2 










fi 


// */ 



1 


It 
7 


// // // 
3 4 4 


// 


// 


»/ 




72 


1 27 


1 23 


1 19 


1 16 


1 11 


I 7 


1 4 


1 2 










Id 


> T T 





I 


333 










74 


1 27 


1 23 


1 10 


1 16 


I 11 


I 7 


1 4 












ac 


1 3 a 


2 


1 


1 t 


3 








76 


1 28 


1 23 


1 19 


I 16 


I 11 


I 7 


1 4 












X 


) 5 4 


3 


3 


1 1 




1 


1 






78 


I 28 


1 23 


1 20 


1 17 


I 11 


I 7 














5C 


I 6 

► 8 7 


6 


4 
3 


3 8 3 

4 4 3 


1 
3 


1 


D 




80 


1 29 


1 24 


1 20 


I 17 


1 11 


I 7 














at 


) 9 4 


7 


6 


5 S .4 










82 


I 29 


1 24 


I 20 


I 17 


1 11 






> 










7( 


) ft, 8 


7 


6 6 










84 


1 29 


1 24 


1 20 


I 17 


1 11 






\ 




1 


. 


|« 


) 


8 


8 


7 






1 




86 


1 29 


1 24 
34° 


1 20 


1 17 


i 

42^ 


46° 


50P1 


54P 


68° 




1 




1901 


8 I 1 










:rl 




. 






32° 


36° ' 38° 


62^160"! 1 1 




" ■ 1 


li 




mmmmi 




























T 










' 
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TABLE XVin. 
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Third Correction to Appareht Di»ta 


HCl 


BOP 




1 


AFFAKBHT ALTITUDE OF TBB SUN, OR ITAB., 


tt 


M^ 


-^ 


;5^ 


s55 




w 


SeO|54° 


6^ 


63° 


66" 


Tifi 


2^ 




^ 


^ 


*^ 


6 


1 33 


1 48 


s s 


S.lft 


5.49 


8 IT 


44 


T T 


T 28 


7 47 


8 3 


TT 


''' 


'■•' 




6 


7 


1 51 


4 ,B 


1 19 


4,SX 


4B8 


6 33 


S 44 


4 


S 22 


6 38 


B 63 












T 


8 


3 33 


3 IS 


3 41 


B-Gft 


tJi 


4 42 


S. 1 


5 Iff 


5 36 


5 SO 


s a 


S 13 










6 


9 


3 a 


3 IB 


3 30 


3 JO 


Sj4S 


4 i 


4 25 


1 41 


4 66 


i 6 


S 19 


B 30 










9 


IT 


2 4S 


Ifil 


1.0 


3, a 


3 36 


3 43 


■ SS, 


4 12 


i 84 


1 3S 


4 45 


4 64 










10 


>39 


r»i 


rs 


«7a 


1 T 


rri 


S 35 


3 4( 


> SD 


1 e 


1 IB 


4 ae 










11 


IS 


2 18 


3 as 


ISS 


3M 


■ 69 


1 S 


■ IT 


S39 


t 39 


1 4f 


3 66 


1 3 


\ 8 








12 


IS 


9 8 


3 IS 


%ai 


ass 


1 S9 


2 SI 


3 a 


3 13 


1 31 


1 SO 


1 SB 


3 44 


3 48 








13 


14 


3. O 


3 .( 


3ia 


a 18 


3 38 


3 S8 


1 48 


2 ST 


3 


B 14 


3 81 


3 80 


3 29 








14 


16, 


is; 


1 fit 


a.t-a 


3 .f 


»je 


3 3T 


2 30 


3 45 


2 53 


S 


3 6 


3 II 


3 16 










1^ 


I .47 


1 61 


1«3 


> .0 




3 IB 


3 20 


3 34 


3 41 


3 48 


3 S3 


a SB 


3 2 


s~i 






le" 


17 


I 4S 


I 45 


I ifi 


I 63 


1 .1 


3 9 


2 17 


2 34 


3 31 


3 37 


a 42 


Z 46 


2 50 


a S3 






IT 


18 


I S7 


140 


1 44 


1 41 


1 S4 






3 IG 


2 32 




i S3 


3 36 


a 40 


a 4i 






18 


19 


I 33 


1 S« 


I S9 


1 42 


1 48 




t 3 


3 9 


3 15 


3 19 


3 81 


2 28 


3 31 








19 


20 


1 SO 


1 S2 


1 S5 
I S3 


1 S8 


1 44 


I SO 


1 56 


9.2 


3 8 


i 13 


2 17 


a 20 


a 23 


3 35 


2 27 




20 


2t 


1 ST 


1 39 


1 S5 


1 40 


1 46 


1 61 


1 SG 


i 1 


1 G 


3 10 


3 11 


2 IS 


a II 


2 19 




21 


32 


1 as 


1 37 


139 


1 S2 


1 IT 


1 42 


1 47 


I 51 




3 


3 4 


3 6 


3 fi 


3 10 


2 12 




33 


2S 


1 23 


1 3S 


127 


1 SO 


V34 


1 38 


1 43 


1 47 


1 S] 


1 55 


I 59 


8 1 


3 3 


3 4 


2 6 




33 


Si 


1 3! 


1 23 


1.26 


137 


1 SI 


I 35 


1 40 


I 44 


1 47 


1 51 


1 54 


t 50 


1 68 


1 89 


3 1 


2 3 


24 


3,5 


lai 


1 Si 


I 23 


1 as 


1 39 


1 S3 


1 36 


1 40 


i 43 


1 41 


1 49 


1 61 


1 63 

I 49 


1 SJ 


I 66 




35 


36 


I 30 


iTi 


1 33 


1 88 


136 


I 29 


1 S3 


1 ST 


1 41 


143 


1 45 


1 47 




I 61 


r52 


86 


ar 


I 19 


1 30 


I 31 


1 32 


1 34 




1 SO 


1 31 




1 40 


1 42 


1 43 


I 45 


1 46 




1 4B 




as 


I 19 


I 19 


1 30 


1 21 


1 23 


1 85 


1 28 


1 SI 


1 3< 




1 39 




1 41 


I 43 


1 43 


1 41 


38 


39 


I 18 


1 18 


. 19 


I 20 


1 32 


1 21 




1 80 


1 SI 


134 


1 36 


1 ST 


t SB 


t 39 


1 40 


41 


39 


30 


1 18 


1 18 




1 10 


1 30 


1 32 


1 M 


1 37 


1 39 


I 31 


1 S3 


1 34 


1 36 


1 36 


I 37 




30 


IT 


1 IB 


1 18 


ris 




1 19 


1 20 


1 85 


1 87 


139 


1 30 


1 31 




1 33 


1 34 


~sa 


SI 


S3 


1 IT 


1 17 


1 IT 


1 IT 


I 18 


1 19 


1 21 


1 83 


1 36 


1 3T 


I 3h 


1 39 


1 30 


1 SI 


III 


1 33 


32 


33 


1 17 


1 16 


1 le 


1 10 


1 IT 


1 IS 


1 19 


1 31 


I 23 


1 8i 


1 36 


1 aT 


1 3B 




1 39 


1 80 


31 


34 


1 17 


1 16 


1 16 


1 10 


, 16 


1 IT 


1 IS 


1 3U 


1 23 


1 23 


1 34 


1 25 


I 26 


1 87 


1 31 


1 28 




3S 


1 17 


1 16 


1 16 


1 IG 




1 10 


1 IT 


I 18 


1 30 


1 21 


1 33 




1 21 


1 8S 


1 86 


36 


35 


ID 


17 




IS 




rie 


1 16 


fW 


1 IT 




1 19 


{ 30 


ni 


1 23 


ill 


rii 


24 


36 




I IT 


1 16 


t IS 


1 16 


1 15 


1 IS 


1 15 


1 16 






1 19 


1 30 


1 21 


I 31 


I 23 




31 


38 


1 IT 

I IS 


1 10 
1 16 


t IS 
I IB 


1 14 
1 14 


1 14 
1 13 


1 14 
1 13 


1 14 
IS 


1 15 
14 




I 17 
1 16 


1 18 

1 17 


1 19 
1 IT 


1 20 

1 IB 


I 20 


I 21 
1 19 




SB 
39 


40 


1 18 


1 16 


1 15 


1 14 


1 13 


113 


13 


1 14 


14 


1 13 


1 16 


1 16 


1 IT 


I IT 


1 IT 




40 


IT 


1 18 


I 16 


1 15 






1 12 


1 13 


1 13 


13 


1 14 






ri6 










42 


113 


1 16 


1 IS 


1 14 


1 18 


1 18 


1 18 


1 IB 




1 IS 


I 14 


I 14 


1 IS 








43 


43 
44 


1 19 

1 19 


J 17 
1 IT 


1 16 
1,16 


I 14 
1 U 


1 13 
1 12 


J U 

1 11 


1,11 
1 II 


11 




I 12 
1 11 


I 13 
1 13 


1 13 
1 13 


I 14 

1 13 


[ IS 






43 
44 


46 


1 20 


I 18 


1 16 


I 14 


1 18 


1 11 


I 10 


^ 10 


' 10 


1 10 


1 11 


I 11 


1 11 








46 




1 21 


I 19 


m 


1 15 


1 13 




I 9 


1 9 




1 9 


I 10 


1 10 


I 10 


_ 






48 




1 23 


1 19 


1 IT 


1 IS 


1 12 


10 


1 9 


I 8 




1 8 


I 8 


I 8 










60 


S2 


143 


1 30 


I IT 


I 15 


1 12 




1 8 


1 8 


'. 8 


1 7 


1 7 


1 7 










fiS 


54 


1 31 


1 31 


18 


1 16 


I 13 




1 8 


1 T 


1 T 


1 6 


1 6 












84 




23 


1 33 


I 19 


I 16 


I 13 


10 


1. 8 


1 7 


1 7 


1 6 


6 












fiO 




FsS 


, 31 


I 30 




1 13 




1 8 


I T 


6 


I 5 












m 


87 




I 31 


I IS 


I 14 


1 10 


1 8 


1 7 




1 5 












G2 




'. 31 


31 




I 14 


1 10 


8 


6 


5 














SI 


\ 29 


I 35 






14 


10 


1 8 


1 6 


1 6 














60 


I 2U 
1 29 


1 35 


31 


1 18 






8 


1 6 
















1 25 


ria 


1 19 


m 


m 


1 B 


1 








TO 


1 30 


1 36 


1 s^ 


19 


I 15 


It 


1 8 


















T2 
74 


1 SO 
1 SI 


1 36 
1 37 


1 33 
1 23 


30 

20 


1 15 

1 16 




I e 


















70 


1 SI 




1 23 


"29 


1 15 
























1 32 


Fsa 


1 34 


1 20 


1 IS 
















1 33 


I 28 


I 31 


1 ai 


t IS 






















82 


1 31 






I 31 


























1 33 


1 28 


1 24 


1 21 
























SO 


1 33 


1 3S 


1 24 




























330 


34° 


"W 


■355 


■43^ 


"455 


■S53" 


"mo 


585" 


^ 


6^ 
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Third Ck>ftRBC'rioN, to Apparjskt Distakcb 64°. 


App 
Alt. 


APP 4RBNT ALTITUDE OP THE SUN, OR STAR. 


Anp 
Alt. 



320 


34® 


36© 

1 n 


38® 

/ 


439 


460 


50© 


54° 


58° 


62© 

/ 


66© 

/ 


Tip 

1 


740 
/ 


78© 


82© 


86® 

/ 


o 


* n 


» 9 


1 u 


/ 


/ M 


/ n 


1 11 


1 


t 


6 


4 29 


4 45 


5 


5 15 


5 43 


6 10 


6 86 


6 59 


7 20 


7 39 


7 64 


8 7 










6 


T 


3 49 


4 2 


4 15 


4 28 


4 53 


5 16 


5 37 


6 57 


6 15 


6 32 


6 46 


6 59 










7 


8 


8 22 


3 84 


3 45 


3 56 


4 18 


4 38 


4 57 


5 15 


5 81 


5 46 


5 58 


6 7 


6 16| 






8 


9 


3 


3 10 


3 20 


3 30 


3 49 


4 7 


4 23 


4 38 


4 62 


5 5 


5 16 


5 26 


5 34 








9 


10 
11 


2 43 

2 30 


2 52 
2 37 


3 1 

2 45 


3 10 
2 54 


3 27 
3 9 


3 42 

3 22 


3 56 
3 35 


1 9 

3 47 


4 21 


4 32 


4 42 


4 51 


4 50 








10 
11 


3 57 


4 7 


4 16 


4 24 


4 31 








12 


2 19 


2 25 


2 33 


2 40 


2 53 


3 5 


3 17 


8 27 


3 87 


3 47 


3 56 


4 8 


4 8 


4 18 






12 


IS 


2 9 


2 15 


2 22 


2 28 


2 40 


2 51 


3 1 


3 11 


8 20 


3 29 


3 37 


3 43 


3 47 


3*51 






13 


14 


2 1 


2 7 


2 13 


2 18 


2 29 


2 39 


2 48 


2 57 


3 6 


3 14 


3 20 


3 25 


3 29 


3 83 






14 


15 
16 


1 54 

1 48 


2 

1 53 


2 5 
1 58 


2 10 
2 3 


2 19 
2 11 


2 29 

2 20 


2 37 


2 45 


2 53 
2 42 


3 

2 48 


3 5 
2 53 


3 10 
2 57 


3 14 

3 ] 


3 18 
3 5 


3 8 




15 


2 28 


2 35 


10 


17 


1 43 


1 47 


1 52 


1 66 


2 4 


2 12 


2 20 


2 26 


2 32 


2 38 


2 43 


2 47 


2 51 


2 54 


2 56 




17 


18 


1 39 


1 43 


1 47 


1 60 


1 58 


2 5 


2 12 


2 18 


2 24 


2 30 


2 35 


2 39 


2 42 


2 44 


2 46 




18 


19 


1 86 


I 89 


1 42 


1 46 


1 52 


1 59 


2 5 


2 11 


2 17 


2 22 


2 27 


2 31 


2 34 


2 36 


2 38 




19 


20 


1 33 


1 36 


1 38 


l'42 


1 48 


1-54 


1 69 


2 5 


2 11 


2 15 


2 20 


2 23 


2 26 


2 28 


2 30 


2 32 


20 


21 


1 30 


1 33 


1 35 


1 3b 


1 44 


1 49 


1 54 


2 


2 5 


2 9 


2 13 


2 16 


2 18 


2 20 


2 22 


2 23 


21 


22 


1 28 


1 30 


1 33 


1 35 


1 40 


1 45 


1 50 


1 55 


1 59 


2 3 


2 6 


2 9 


2 11 


2 13 


2 15 


2 16 


22 


23 


1 27 


1 28 


1 30 


1 32 


1 87 


1 41 


1 46 


1 51 


1 54 


1 58 


2 1 


2 3 


2 5 


2 7 


2 9 


2 10 


23 


24 


1 26 


1 27 


1 28 


1 30 


1 84 


1 38 


1 42 


1 47 


1 50 


1 54 


1 57 


1 59 


2 


2 2 


2 4 


2 5 


24 


25 
20 


1 25 
1 24 


1 26 
1 25 


1 27 

1 26 


1 28 
1 27 


1 32 

I 30 


1 35 
1 33 


1 39 
1 8ti 


1 43 

1 40 


1 47 
1 44 


1 50 
1 47 


1 53 
1 49 


1 55 
1 51 


1 56 
1 52 


1 58 
1 54 


1 5!) 


2 


25 

26 


1 55 


1 56 


2T 


1 23 


I 24 


1 25 


1 26 


1 28 


I 81 


I 34 


1 37 


1 41 


1 44 


1 46 


1 47 


1 49 


1 50 


1 51 


1 52 


27 


28 


1 23 


I 23 


1 24 


1 25 


1 20 


1 29 


i 32 


1 85 


1 38 


1 41 


1 43 


1 44 


1 45 


1 46 


1 47 


1 48 


28 


29 


1 22 


I 22 


1 23 


1 24 


1 25 


I 27 


1 30 


I 32 


1 35 


1 38 


I 40 


1 41 


1 42 


1 43 


1 44 


1 45 


29 


30 
31 


1 22 
1 22 


1 22 
1 22 


1 23 
1 22 


I 23 
1 22 


1 21 
1 23 


1 26 
1 24 


I 28 
1 26 


1 30 

1 2fc» 


1 33 
1 31 


1 35 


1 37 


1 38 
1 35 


1 39 
1 36 


1 40 
1 37 


1 41 
1 38 


1 42 
1 40 


30 
31 


1 33 


1 34 


32 


1 21 


I 21 


1 21 


1 21 


1 22 


1 23 


1 25 


1 2/ 


1 29 


1 31 


1 32 


1 33 


1 34 


1 35 


1 36 


1 38 


32 


33 


1 21 


1 21 


1 21 


1 21 


1 21 


1 22 


1 24 


1 2G 


1 27 


1 29 


1 30 


I 31 


1 32 


1 33 


1 34 




33 


34 


1 21 


1 20 


i 20 


1 20 


1 20 


1 21 


1 23 


1 25 


1 20 


I 27 


1 28 


1 29 


1 30 


I 31 


1 32 




34 


35 
36 


1 21 
1 2i 


1 20 

I 20 


1 20 
1 19 


1 20 
1 19 


1 20 
1 19 


1 21 


1 22 


1 23 
1 22 


1 24 

1 23 


1 25 
1 24 


1 26 
1 25 


1 27 
1 26 


1 28 
1 26 


1 29 


1 30 




85 
36 


1 20 


1 21 


1 27 


1 28 


37 


1 21 


1 23 


1 19 


1 19 


1 19 


1 19 


1 20 


1 21 


1 22 


1 23 


I 24 


I 25 


1 25 


1 26 






37 


38 


1 21 


1 20 


1 19 


1 18 


1 18 


1 18 


1 19 


1 20 


1 21 


I 22 


1 23 


1 24 


1 24 


1 25 






38 


39 


I 21 


1 20 


1 19 


1 18 


1 18 


1 18 


1 18 


1 19 


1 20 


1 21 


1 21 


1 22 


I 22 


1 23 






39 


40 
41 


1 22 
1 22 


I 20 
1 20 


1 19 
1 19 


1 18 
1 18 


1 17 


1 17 


1 18 
1 17 


1 18 
1 17 


1 19 
1 18 


1 20 
1 19 


1 20 
1 19 


1 21 
1 20 


1 21 
120 


1 22 






40 
41 


1 17 


1 17 








42 


1 22 


1 20 


1 19 


1 18 


1 16 


1 16 


1 16 


1 17 


I 17 


1 18 


I 18 


1 19 


1 19 








42 


43 


I 23 


i 21 


1 19 


1 18 


1 16 


1 16 


1 16 


1 16 


1 16 


1 17 


I 17 


1 18 


1 18 








a 


44 


I 23 


1 21 


1 19 


1 18 


1 16 


1 16 


1 16 


1 10 


1 16 


1 16 


1 16 


1 17 


1 17 








44 


46 

4» 


I 24 
1 2i 


1 22 
1 2^ 


1 20 


1 18 


1 16 
1 16 


1 15 
1 15 


1 15 
1 15 


1 16 
1 14 


1 15 
1 14 


1 15 
1 14 


1 15 
1 14 


1 16 
1 14 




— 






46 

48 


1 20 


1 19 


50 


1 26 


1 23 


1 21 


1 19 


1 16 


1 16 


1 14 


1 13 


1 13 


1 13 


1 13 












50 


52 


1 27 


1 24 


1 22 


1 20 


1 17 


1 15 


1 13 


1 12 


1 12 


1 12 


1 12 












52 


54 


1 2» 


1 25 


1 22 


1 20 


1 17 


1 15 


1 13 


1 12 


1 11 


1 11 






1 






54 


66 

58 
60 


1 29 

1 20 
1 30 


1 26 

1 26 
I 27 


1 23 


1 21 


I 17 


1 15 


1 13 

1 13 
1 13 


1 12 

1 11 
1 11 


1 11 

1 10 
1 10 


I 11 


• 






1 






56 


1 23 
1 24 


1 21 
1 22 


1 18 
1 18 


1 15 
1 15 
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P»l 


K 


62 


1 31 


1 28 


1 25 


1 22 


1 18 


1 15 


1 13 


1 11 










Add tbe N ambers Abnre tiK* 




64 


I 32 


I 28 


1 25 


1 22 


1 18 


1 15 


1 13 


1 11 










linei to 3rd Correctmii, kiib- 
trftci tiie othrri'. 




66 


1 33 


1 29 


1 20 


1 23 


1 19 


1 16 


1 13 












- 


68 


1 33 


1 29 


i 26 


I 23 


1 19 


1 16 


1 13 












» 


ova . ap^ 

a ioi-iu|JOi4 


M6C 


70 


S6i 


io 


70 


I 34 


I 30 


I 27 


1 24 


1 19 


1 16 
















H 


»/ 


// / 


1 U It 


// 


// / 


/ 


72 


1 34 


I 30 


1 27 


1 24 


1 19 


1 16 














6 


U 




1 i 


1 3 3 

IOC 


u 






74 


I 35 


1 31 


128 


1 24 


1 19 
















IS 

an 


1 1 


— 


U 


r 


1 


1 




76 

78 


1 35 
1 36 


1 81 
I 32 


1 28 
1 28 


1 25 
1 25 


1 20 
















at 

M 








> % 1 
4 3 3 

6 4 4 


1 

3 

4 


1 
3 


B 








80 


1 36 


1 82 


1 28 


1 25 


















« 








S 3 A 








82 


1 37 


I 32 


1 28 




















It 








7 fl 








84 


1 37 


1 32 




' 


















se 




••I 


7 








86 


1 87 

320 






38° 


42© 






54® 


580 








M 




si 






^^ 








34® 


36® 


46° 


50O 


62° 


66° 


II 




\ 



r 
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Third CoaaEcrioN, to Apparent Distance 72**. 


App 
Alt. 


▲PPA.RENT 4LTITUDE OF THE SUN, OR STAR. 


App 
Alt. 




320 


340 


36^ 


38^ 


420 


46° 


50® 


54^ 


58^ 


620 


66° 


70° 


740 


780 


82° 


86° 




o 


/ u 


' H 


1 K 


/ u 


/ u 


/ n 


/ // 


/ H 


/ // 


/ /y 


/ n 


/ a 


/ // 


/ a 


t II 


/ u 







6 


4 27 


4 41 


4 66 


5 11 


5 38 


6 3 


6 27 


6 48 


7 8 


7 27 


7 42 


7 55 


8 6 


8 16 






6 




7 


3 51 


4 8 


4 16 


4 2S 


4 51 


5 12 


5 32 


5 51 


6 8 


6 23 


6 36 


6 48 


6 58 


7 7 






7 




8 


3 25 


3 36 


3 47 


3 58 


4 18 


4 36 


4 54 


5 11 


5 26 


3 89 


5 51 


6 1 


6 9 


6 16 


6 22 




8 







3 4 


3 14 


3 24 


3 33 


3 51 


4 8 


4 23 


4 37 


4 50 


5 1 


5 11 


5 20 


5 28 


5 35 


5 41 




9 




10 


2 48 


2 67 


3 6 


3 14 


3 29 


3 44 


3 58 


4 10 


4 22 


4 33 


4 42 


4 51 


4 57 


5 3 


5 7 




10 




11 


2 35 


2 43 


2 51 


2 6b 


3 11 


3 25 


3 37 


3 48 


3 69 


4 9 


4 17 


4 24 


4 30 


4 35 


4 39 




11 




12 


2 24 


2 31 


2 38 


2 45 


2 57 


3 9 


3 20 


3 31 


3 41 


3 49 


3 57 


4 3 


4 8 


4 12 


4 16 


4 20 


12 




13 


2 15 


2 21 


2 27 


2 33 


2 45 


2 56 


3 6 


3 16 


3 21 


3 32 


3 39 


3 45 


3 49 


3 53 


3 56 


3 59 


13 




14 


2 7 


2 13 


2 18 


2 24 


2 34 


2 44 


2 54 


3 2 


3 10 


3 18 


3 24 


3 29 


3 33 


3 36 


3 39 


3 41 


14 




15 
16 


2 1 
1 66 


2 6 
2 1 


2 11 

2 5 


2 16 
2 9 


2 25 

2 18 


2 34 


2 43 


2 61 


2 58 
2 48 


3 5 
2 54 


3 11 
2 69 


3 16 
3 4 


3 20 

3 8 


3 23 
3 11 


3 25 


3 27 


15 
16 




2 26 


2 33 


2 41 


3 13 


3 15 




17 


1 52 


1 56 


1 69 


2 3 


2 11 


2 19 


2 25 


2 32 


2 39 


2 45 


2 50 


2 64 


2 57 


3 


3 2 


3 4 


17 


» 


• 18 


1 48 


1 51 


1 64 


1 68 


2 6 


2 13 


2 19 


2 25 


2 31 


2 37 


2 42 


2 46 


2 48 


2 50 


2 52 


2 54 


18 




19 


1 44 


1 47 


1 50 


1 54 


2 1 


2 7 


2 13 


2 19 


2 25 


2 30 


2 35 


2 38 


2 40 


2 42 


2 44 


2 45 


19 




20 
21 


1 41 

1 39 


1 44 
I 41 


1 47 
1 44 


1 50 
1 46 


1 56 
1 62 


2 2 
1 57 


2 7 


2 13 


2 19 
2 13 


2 23 
2 17 


2 28 
2 21 


2 31 
2 24 


2 33 
2 26 


2 35 

2 28 


2 36 


2 37 


■ 20 
21 




2 2 


2 8 


2 29 


2 30 




22 


1 37 


I 39 


1 41 


1 43 


1 48 


1 63 


1 58 


2 3 


2 7 


2 11 


2 15 


2 18 


2 20 


2 22 


2 23 


2 24 


22 




28 


1 36 


I 37 


1 39 


1 41 


1 45 


1 50 


1 64 


1 59 


2 2 


2 6 


2 10 


2 13 


2 15 


2 16 


2 17 


2 18 


23 




24 


1 35 


1 86 


1 37 


1 39 


1 43 


1 47 


1 61 


1 55 


1 58 


2 2 


2 5 


2 8 


2 10 


2 11 


2 12 


2 13 


24 




25 
26 


1 84 
1 83 


1 35 
1 34 


1 36 
1 35 


1 38 
1 36 


1 41 
1 39 


1 44 
1 42 


1 48 
1 45 


1 51 

1 48 


1 54 
1 51 


1 58 
1 54 


2 1 

1 67 


2 3 

1 59 


2 5 
2 1 


2 6 
2 2 


2 8 
2 4 




25 






26 




27 


1 32 


1 33 


1 84 


1 35 


1 37 


1 40 


1 43 


1 45 


1 48 


1 61 


1 64 


1 56 


1 57 


1 68 


2 




27 




28 


1 32 


1 32 


1 83 


1 34 


1 85 


I 38 


1 41 


1 43 


1 46 


1 4^ 


1 51 


1 53 


1 54 


1 55 


1 56 




28 




29 


1 31 


1 32 


1 82 


I 33 


1 34 


1 86 


1 39 


1 41 


1 44 


1 46 


1 48 


1 50 


1 52 


1 53 






29 




30 
31 


1 81 
1 80 


1 31 

1 31 


1 32 
1 31 


1 32 
1 81 


1 33 
I 32 


1 85 
1 84 


1 87 


1 89 


1 42 
1 40 


1 44 
1 42 


1 46 
1 44 


1 47 
1 45 


1 49 
1 46 


1 60 
1 47 






30 
31 




1 36 


1 38 




32 


I 29 


1 30 


1 80 


1 80 


1 31 


I 33 


1 35 


1 36 


1 88 


1 40 


1 42 


1 43 


1 44 


1 45 






32 




33 


1 29 


1 29 


I 29 


1 80 


1 31 


1 32 


1 83 


1 81 


1 36 


1 38 


1 40 


1 41 


1 42 








33 




34 


1 80 


1 29 


1 29 


1 29 


1 30 


1 31 


1 32 


1 83 


1 34 


1 36 


1 38 


1 39 


1 40 








34 




35 
86 


1 30 
1 81 


1 29 
1 29 


1 29 

1 28 


1 29 

1 28 


1 30 
1 29 


1 30 


1 31 


1 32 


1 33 


I 36 


1 36 
1 35 


1 37 
1 36 


1 38 








35 




1 30 


1 31 


1 32 


1 33 


1 34 


1 36 








36 




37 


1 31 


I 30 


1 28 


I 28 


1 29 


1 29 


1 30 


1 31 


1 32 


1 33 


1 34 


1 35 




I 






37 




38 


1 81 


1 30 


1 28 


1 27 


1 28 


1 29 


1 30 


1 81 


1 32 


1 33 


1 33 


1 34 










38 




39 


1 81 


1 30 


I 29 


1 28 


1 28 


1 28 


1 29 


1 30 


I 31 


1 32 


1 32 


1 32 










39 




40 
41 


1 31 
1 31 


1 30 
I 30 


I 29 
1 29 


1 28 

1 28 


1 27 


1 28 


1 28 


1 29 
1 28 


1 30 

1 28 


1 30 
1 29 


1 30 
1 29 


1 30 










40 




1 27 


1 27 


I 27 






41 




42 


1 32 


I 31 


I 29 


1 28 


1 26 


I 26 


1 26 


1 27 


1 27 


1 28 


1 28 












42 




43 


1 32 


I 31 


I 29 


1 28 


1 26 


1 26 


1 26 


1 26 


1 26 


I 27 


1 27 












43 




44 


1 33 


I 31 


1 30 


1 28 


1 26 


1 26 


1 25 


1 25 


1 25 


1 26 


1 26 










' 


44 




46 


1 34 


1 32 


1 30 


1 29 


1 27 


1 25 


1 25 


1 25 


1 25 


1 25 














46 




48 


I 35 


1 32 


1 30 


1 29 


1 27 


1 25 


1 24 


1 24 


1 24 


1 24 














48 




50 


1 36 


1 33 


1 31 


1 30 


1 27 


1 25 


1 24 


1 23 


1 23 
















60 




52 


I 37 


I 34 


I 31 


1 30 


1 27 


1 25 


1 23 


1 22 


1 28 
















52 




54 


1 37 


1 34 


1 32 


I 31 


1 28 


1 25 


1 23 


1 22 


















54 




56 

58 


1 38 
1 39 


1 35 
1 30 


1 33 


I 31 


1 28 
1 28 


1 25 


1 28 


1 22 
















56 




1 34 


1 32 


1 25 


1 2al 






60 
62 


1 39 
1 40 


i 36 
I 37 


I 31 
1 35 


1 32 
1 32 


1 28 
1 28 


1 25 
1 25 


1 23 
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64 


1 41 


1 38 


1 36 


I 33 


1 28 


1 25 














lioet to 3rd Coriectioii, kub- 






66 


1 42 

1 48 


1 38 
1 39 


1 36 

1 36 


1 33 

1 0k A 


1 28 
1 29 
















tract the otber*. 
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•— - 









II ni 


••■'■ il|l|Mr«al AltilUt. 






1 34 
















■fl* 


4 10 


3U 


J04 


60 60 


70 


801 


K) 




70 


I 43 


I 39 


1 36 


1 34 


















^^^ 


'/ // 


// 


// i 


/ // /» 


// 


a 1 


/ 




72 


1 44 


1 40 


1 36 


1 34 


















6 


1 £ 


0^ 


I _ 


|_ 9 S 


3 








74 


I 44 


1 40 


1 36 




















l(J 

30 


9 1 

9 3 


1 

3 


( 


' i. JL 
1 1 1 


1 


1 

"o ( 


9 




76 


1 45 


1 40 






















90 


4 4 






s 3 9 


3 


3 






78 


1 45 
























40 
M 


6 « 

7 7 






1 4 4 
s 9 9 


3 








80 






















• 




60 


8 8 






it 










82 


























70 


9 8 






7 










84 




















■ 






M 


9 


8 8l 












86 








38° 


42° 








580 


620 


66° 




M 


_^ 


9 1 


__ 






b 


32© 


340 


360 


46° 


500 


540 










■| 
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APPARENT ALTITUDE OF THE SUM, OR STAR.^ 


App 
Alt. 








32® 


34° 


360 


88© 


42® 


46® 

i H. 


50O 


540 


68O 

/ 


62° 

/ It 


66° 

/ It 


70° 


740 


780 820 


86® 






o 


/ 


1 1 


/ . » 


1 . H 


/ K 






6 


4 32 


4 48 


5 3 


5 jg 


5.49 


6 17 


6 44 


7 7 


7 28 


7 47 


8 8 


« 


% 


t 


_ 




6 






7 


3 51 


4 ,5 


4 19 


4^2 


4268 


5 22 


5 44 


6 4 


6 22 


6 38 


6 63 






• 






7 






8 


3 23 


3 35 


3 47 


3*59 


4:22 


4 42 


5. 1 


5 19 


5 35 


5 60 


6 2 


6 13 










8 






9 


3 


3 10 


3 2Q 


3i{Q 


3 j49 


4 8 


4 25 


4 41 


4 55 


5 8 


5 19 


6 30 










9 






10 
11 


2 43 


2 51 


3 lQ 


3; 9 


3 26 
3 7 


8 42 
3 21 


3 68 
3 85 


4 12 4 24 

3 483 59 


4 35 
4 9 


4 45 
4 18 


4 64 
4 2^ 










10 
11 






2 29 


2 37 


2L44 


2^2 






12 


2 18 


2 25 


2 32 


aj39 


2 52(3 5 


3 17 


3 29 


3 39 


8 48 


3 56 


4 3 


4 8 








12 






13 


2 a 


2 m 


2 2\i 


2 28 


2 39 


2 61 


3 2 


3 12 


3 21 


8 80 


3 38 


3 44 


3 48 








13 






14 


2, 


2 .Q 


212 


2 18 


2 28 


2 38 


2 48 


2 57 


3 6 


8 14 


3 21 


3 26 


3 29 








14 






15. 
16. 


1 ^\ 

I 47 


1 5Q 
1 61] 


2fra 
1:55 


2.8 
2 .0 


2 18 


2 27 


2 36 
2 26 


2 45 
2 34 


2 53 
2 41 


3 

2 48 


3 6 
2 53 


3 11 

2 58 


3 15 








15 
16 






2 .9 


2 18 


3 2 


3 C 






17 


14^ 


1 45^ 


1 4(K 


16% 


2 .1 


2 9 


2 17 


2 24 


2 31 


2 87 


2 42 


2 46 


2 50 


2 63 






17 






18 


1 37. 


im 


I44y 


1 47 


1 64 


2 .1 


2 9 


2 16 


2 22 


2 27 


2 32 


2 36 


2 40 


2 42 


. 




18 






19 


I 33j 


1 36 


1 39 


I 42 


1 48 


1 65 


2 2 


2 9 


2 15 


2 19 


2 24 


2 28 


2 31 


2 33 






19 






20 


1 30 


1 32 


1 85 


1 38 


1 44 


I 60 


1 56 


2 .2 


2 8 


2 12 


2 17 


2 20 


2 23 


2 25 


2 27 




20 






21 


1 27 


I 29 


I 82 


1 85 


1 40 


1 46 


1 51 


1 56 


2 1 


2 6 


2 10 


2 13 


2 15 


2 17 


2 19 




21 






22 


1 25 


1 27 


1 29 


1 %% 


1 87 


1 42 


1 47 


1 51 


1 66 


2 


2 4 


2 6 


2 8 


2 10 


2 12 




22 






23 


1 23 


1 25 


127J 


1 90 


V34 


1 88 


1 43 


1 47 


1 61 


1 55 


1 69 


2 1 


2 3 


2 4 


2 6 




23 






24 


1 22 


1 23 


U25 


t27 


in 


1 85 


1 40 


1 44 


1 47 


1 61 


1 64 


1 56 


I 68 


1 69 


2 1 


2 8 


24 






25 


1 21 


1 22 


1 23 


1 25 


1 29 


1 32 


1 36 


1 40 


1 43 


1 47 


1 49 


1 61 


1 63 


1 54 


I 66 


1 67 


25 






26 


1 20 


1 21 


I 22 


1 23 


1 26 


1 29 


1 33 


1 37 


1 40 


1 43 


1 45 


1 47 


1 49 


1 60 


1 51 


1 52 


26 






27 


1 19 


1 20 


1 21 


1 22 


1 24 


1 27 


1 30 


1 84 


1 37 


1 40 


1 42 


I 43 


1 45 


1 46 


1 47 


1 48 


27 






28 


I 19 


1 19 


I 20 


1 21 


1 23 


1 25 


1 28 


1 31 


1 ^ 


1 37 


1 89 


1 40 


1 41 


1 42 


1 43 


I 44 


28 






29 


1 18 


1 18 


1 19 


1 20 


1 22 


I 23 


1 26 


1 29 


1 91 


1 34 


1 36 


1 37 


1 88 


I 89 


1 40 


1 41 


29 






30 
31 


1 18 
1 18 


1 18 
1 18 


1 18 


1 19 


1 20 
1 19 


1 22 
1 20 


1 24 

1 22 


I 27 
1 25 


1 29 
1 27 


in 
1 29 


1 83 
1 30 


1 84 
I 31 


1 35 
1 32 


1 36 
1 33 


1 87 
1 84 


1 88 
1 35 


30 
31 






1 18 


1 18 






32 


1 17 


I 17 


1 17 


1 17 


1 18 


1 19 


1 21 


1 23 


1 25 


1 27 


1 28 


1 29 


1 30 


1 31 


1 81 


1 32 


32 






33 


1 17 


1 16 


1 16 


1 16 


1 17 


1 18 


1 19 


1 21 


I 23 


1 25 


1 26 


1 27 


1 28 


1 29 


1 29 


1 30 


33 






34 


1 17 


1 16 


I 16 


1 16 


1 16 


1 17 


I IS 


1 20 


1 22 


1 28 


1 24 


1 25 


1 26 


1 27 


1 27 


1 28 


34 






35 
36 


1 17 
I 17 


1 16 
I 16 


1 16 
1 15 


1 16 


1 16 


1 16 
1 16 


1 17 

1 m 


1 18 
1 17 


1 20 
1 18 


1 21 
I 19 


1 22 
1 20 


1 23 
I 21 


1 21 
i 22 


L 25 
1 23 


1 25 
I 23 


1 26 
1 24 


35 
36 






1 16 


1 16 






37 


1 17 


1 16 


1 15 


1 15 


1 15 


1 15 


X 15 


1 16 


1 17 


1 18 


1 19 


I 20 


1 21 


1 21 


1 22 




37 






38 


I 17 


1 16 


I 15 


1 14 


1 14 


I 14 


1 14 


1 15 


1 16 


1 17 


1 18 


1 19 


1 20 


1 20 


1 21 




38 




• 


39 


1 18 


I 16 


1 16 


1 14 


1 13 


1 13 


I 13 


1 14 


1 15 


1 16 


1 17 


1 17 


1 18 


1 18 


I 19 




39 






40 
41 


1 18 
I 18 


1 16 
1 16 


1 15 
1 15 


I 14 
1 14 


1 13 
1 12 


113 
1 12 


1 13 
1 12 


1 14 
1 13 


1 14 


1 15 


1 16 
1 15 


1 16 
1 15 


I 17 
1 16 


1 17 
1 16 


1 17 




40 
41 


y 




1 13 


1 14 






42 


118 


1 16 


1 15 


X 14 


1 12 


1 12 


1 12 


1 12 


1 12 


1 13 


1 14 


1 14 


1 15 


1 15 






42 




■ 


43 


1 19 


1 17 


1 16 


1 14 


1 12 


I x\ 


1 11 


1 11 


1 11 


1 12 


1 18 


1 13 


1 14 


I 14 






43 






44 


1 19 


X 17 


1.16 


1 14 


X U 


X 11 


111 


1 11 


1 11 


1 11 


1 12 


1 12 


1 13 


1 13 






44 






46 

48' 


I 20 
1 21 


1 18 
1 19 


1 16 


1 14 


1 12 
1 12 


X 11 
1 10 


1 10 
1 9 


1 10 
1 


1 10 
1 9 


1 10 
1 9 


1 11 

1 10 


1 11 
1 10 


1 11 
1 10 








46 






1 17 


1 15 




48 






50 


1 22 


1 19 


1 17 


1 15 


1 12 


1 10 


1 9 


1 8 


1 8 


1 8 


1 8 


1 8 










60 






52 


11B3 


1 20 


1 17 


I 15 


1 12 


1 10 


X 8 


1 8 


1 8 


I 7 


1 7 


I 7 










62 






54 


1 24 


1 21 


1 18 


1 16 


1 13 


1 10 


1 8 


1 7 


1 7 


1 6 


1 6 












54 






56 


1 25 


1 22 


1 19 


1 16 


1 13 


1 10 


1 8 


1 7 


1 7 


1 6 


1 6 












56 






58 
60 


1 26 
1 27 


1 23 
1 24 


1 20 
1.21 


X 17 

X 18 


1 13 
1 14 


I 10 
1 10 


1 8 
1 8 


1 7 

1 7 


1 6 
1 6 


1 5 
1 5 
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I. 






62 


1 28 


1 24 


1 21 


1 18 


1 14 


1 10 


1 8 


1 6 


1 5 








Add tht Numbers abore the 








64 


1 29 


1 25 


1 21 


1 18 


1 14 


i 10 


1 8 


1 6 


1 5 








lines to 3rd Ck>rrection, sub- 








60 


I 29 


1 25 

1 np 


1 21 


1 18 

1 tfX 


1 14 


1 11 


1 8 


1 6 










tract Uie othrrt. 
















/'* •«>'• ApiMMni AIUtB4«. 








68 


1 29 


1 25 


I 22 


1 19 


1 15 


1 11 


1 8 


1 6 










«IC 5110 


W Mi 


10 50 60 


70 


809 









70 


1 30 


1 26 


1 ^ 


1 19 


1 15 


1 11 


I 8 














'/ ft 


M II 


II II ii 


II 


// / 


t 






72 


1 30 


1 26 


1 23 


1 20 


1 15 


1 11 


1 8 












• 


— 1 




3 3 4 






• 






74 


1 31 


1 27 


1 23 


1 20 


1 15 


1 11 
















1 1 


5. J. 


9 3 3 
1 


3 
1 


S 








76 

78 


1 31 
1 32 


1 27 

1 28 


1 23 
1 24 


1 20 
1 20 


1 15 
I 15 


1 11 














SO 
40 






S 9 1 
3 3 3 


1 
S 





- 














80 


1 32 


1 28 


1 24 


1 21 


1 15 










• 






M 
M 






543 

5 5 4 


3 










82 


1 83 


I 28 


1 24 


1 21 












I 






7« 


• » 




8 6 












84 


1 33 


1 28 


1 24 


1 21 












» 






80 


.. 














86 


L 33 
32^ 


I 28 
340 


I 24 








50® 


64° 


68° 








90 JhJSl 


• 


1 1 


kI 






36° 


38^ 


42© 


46° 


62° 


66° 
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ArrARBNT ALTITUDE 0» TBB IPM, OR ITAR. 


i 




SS° 


84° 


MO 


38° 


42^ 


40° 


50" 


54° 


SS" 


820 


06° 


^ 


\2^ 


78° 


i5^ 


iS5 




e 


7— T 
4 29 


4 4*5 


S 


S IS 


i 43 


8 10 


s se 


S 59 


J 20 


7 30 


7 Si 


8 7 


" 


m 




' ' 


I 




T 


S 49 


4 2 


4 15 


4 28 


4 53 


5 16 


> S7 


5 57 


a 15 


S S3 


46 


6 SO 










7 




8 


S 22 


3 SI 


3 46 


3 50 


4 18 


4 38 


4 5T 




fi 31 


5 40 


6 SB 


6 7 


16 












9 


S 


110 


3 SO 


130 


1 49 


1 T 


4 33 


4 38 


4 52 








5 34 













10 


a 41 


^SS 


> 1 


110 


1 2T 


1 43 


3 SO 


1 e 


4 21 


4 31 


4 42 


1 SI 


4 50 








10 




11 


2f5 


2 S7 


1 49 


a m 




t 22 


S 35 


r47 


3 67 




4^ 


4 34 


4 SI 












It 


2 19 


2 29 


2 33 


a 40 


a ss 


1 5 


S 17 


1 27 


3 37 


3 47 


3 50 


4 B 


4 8 


4 IS 






12 




IS 


a 9 


2 15 


2 23 


3 28 


2 40 


2 51 


3 1 


3 11 


S 20 


3 29 


3 37 


3 43 


3 47 


3 6] 






13 




14 


) 1 


2 T 


a 13 


( It 


3 20 


a 39 


2 48 


a 57 


3 6 




3 20 


3 25 


3 28 


3 S3 






14 








3 


a s 




2 19 


2 30 


■i 37 


2 45 


2 53 


1 


3 5 


5 10 


3 14 


3 18 




_ 


15 
10 




To' 


ria 


i~63 


1 £8 


a~s 


2^ 


2lu 


riJH 


3 35 


a 42 


2 48 




2 57 


3 1 


3 5 


3 8 




IT 


I 43 


1 47 


1 E2 


1 50 


3 4 


2 12 


a 30 


2 20 


a 32 


2 38 


3 43 


2 47 


2 51 


3 54 


2 66 




17 




18 




1 43 


1 47 


1 50 


1 G8 


2 5 


2 12 


2 18 


a 24 


a SO 


2 35 


a 39 


a 42 




2 46 




18 




ID 


1 SO 


1 SO 


1 42 


1 40 


1 68 


1 59 


2 5 


9 U 


a 17 


a ss 


a 87 


2 31 


a 34 


a 36 


3 38 








ao 

21 


133 


I 3G 


1 38 


r42 


1 48 


1-64 


1 59 


2 B 


2 11 


3 15 


2 30 


a 23 


i 20 


i 88 


2 30 


asa 


20 




1 30 


. 33 


TIE 


t 3H 


1 44 


1 49 


1 64 


a 


2 6 


S~9 


a 13 


il6 


2 18 


2 20 


a ix 


a 33 


21 




Si 


1 SB 






t 35 


1 40 


1 45 


1 SO 


I 55 


I 59 


a 3 


a a 


a 9 




1 13 


a 15 


2 16 


as 




3S 


1 87 




1 30 


1 32< 


1 97 


1 41 


1 40 


I 51 


1 54 


1 58 


2 I 


I i 


2 5 




a i> 


a 10 


83 




24 


1 SO 


1 27 




1 3(^ 


1 34 


1 S8 


1 42 


1 47 




1 64 


1 57 


59 


3 


a 2 


S 4 


2 5 


84 




29 


t 25 


1 20 


1 a? 


1 28 


1 32 


1 35 


1 39 


1 43 


1 47 


1 60 


1 59 




I 56 


1 58 


1 5!1 


2 


85 




20 




I as 


1 80 


1 2J 


rsii 


1 13 


1 5b 




1 44 




ns 


"^ 










2T 


1 23 


1 21 


1 25 




1 28 


1 SI 


1 34 


1 37 


1 41 




1 46 


47 


1 49 


1 50 


'. 51 










1 aj 


1 23 


1 24 




1 2<i 


1 29 


i 32 


1 35 


1 38 


1 41 


1 43 


41 


1 45 


1 46 




1 43 






29 


I T2 


1 22 


1 23 




1 2S 


1 87 


1 SO 


1 32 


1 35 


1 38 


40 


41 


1 42 


43 


1 44 


1 43 


89 




30 


1 i2 


I 22 


1 2S 




! 2* 


1 20 


1 28 


1 30 




135 


37 


3S 


1 39 


45 


1 41 


1 a 


"sT 




TT 


1 K 


1 22 


1 i-i 


t 'i-I 


1 23 






m 




34 






1 37 


1 Sb 






32 


[ 21 




1 21 


1 21 


1 22 


1 23 






1 i'j 




32 






36 


30 




33 




33 






1 21 


1 21 


1 21 


1 22 


1 34 


1 2ti 


1 27 




30 






33 


34 




33 




34 


I SI 


1 20 


1 20 


1 21, 


I 20 


I 21 


1 23 


1 25 






28 


29 




31 


1 33 




34 




35 
36 


1 21 


I 20 
1 20 




I 201 


1 20 


1 21 


1 22 


1 23 


1 2> 


35 


26 




2B 


29 


30 




35 




riu 


i 19 


1 19 


1 20 


1 21 


1 23 


1 as 




25 


"2b 


Fao 


27 


1 38 




SO 






i 21 


I 2^ 


1 19 


1 19 


1 19 


1 19 


1 29 


I 21 


1 22 


I 33 


I 24 


25 


I 25 


20 






ST 




sa 


1 21 


1 20 


1 19 


1 IS 


1 18 


1 18 


1 19 


I SS 


1 21 


1 22 


23 


24 


1 24 


1 25 






18 






I 21 


1 20 


1 19 


I 18 


I 18 


1 18 


1 18 


1 19 


1 30 


I 21 


[ 21 


82 


1 23 


23 






S9 






1 2^ 


t 20 


1 19 


1 18 


1 17 


1 17 


1 18 


1 18 




1 20 


30 


81 


1 ai 


22 






40 




"IT 


I 22 


I 20 




rT5 




1 17 


1 17 


I 17 


Fib 


1 19 


1 19 


20 


m 








41 




4S 


1 2i 


1 2D 




I 18 


1 10 


1 IG 


1 16 


1 17 


1 17 


18 


1 18 


10 


1 19 








42 




43 


1 23 


t 21 




1 18 


1 10 


1 10 


1 10 


1 16 


1 16 




17 


IB 


1 18 








tt 






1 23 


1 21 


1 ID 


1 18 


1 16 


1 10 


1 10 


I 10 


I le 


1 10 


1 16 




1 17 
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2 84 


2 43 


2 52 


8 1 


9 


10 
ll 


1 57 

2 3 


I 50 
1 54 


1 40 
1 49 


1 43 
1 45 


1 41 
1 43 


1 42 
1 41 


1 44 
1 42 


1 47 
1 45 


1 53 

1 49 


1 69 
1 54 


2 6 
1 69 


2 14 


2 22 


2 80 


2 88 


2 40 


10 
11 


2 6 


2 IS 


2 20 


2 27 


2 84 


12 


2 <J 


1 59 


1 52 


1 4b 


1 45 


1 48 


1 41 


1 43 


1 46 


1 50 


1 64 


2 


2 6 


2 12 


2 19 


2 25 


12 


13 


2 10 


2 4 


1 56 


I 51 


1 4b 


I 45 


1 42 


1 42 


1 44 


1 47 


1 61 


1 66 


2 I 


2 6 


2 12 


2 lb 


18 


14 


2 23 


2 10 


2 


1 54 


1 50 


1 47 


1 44 


1 41 


1 43 


1 45 


1 48 


1 62 


1 67 


2 2 


2 7 


2 12 


14 


15 
IQ 


2 30 
2 37 


2 16 
2 22 


2 5 

2 lu 


1 58 

2 2 


1 53 
1 50 


1 49 
1 52 


1 46 

1 4b 


1 42 
1 48 


1 42 
1 41 


1 44 
1 48 


1 46 


1 49 


1 68 


1 68 
1 64 


2 2 

1 68 


2 7 


15 


1 45 


1 47 


1 60 


2 2 


16 


17 


2 45 


2 2b 


2 15 


2 6 


I 59 


1 54 


1 50 


1 45 


1 42 


1 42 


1 48 


1 46 


1 48 


I 61 


1 54 


1 68 


17 


18 


2 5a 


2 34 


2 21 


2 11 


2 3 


1 57 


1 52 


1 47 


1 48 


1 41 


1 42 


1 44 


1 461 48 


1 51 


1 64 


18 


19 


3 


2 41 


2 20 


2 15 


2 7 


2 


1 54 


1 48 


1 44 


1 42 


1 41 


1 48 


1 441 46 


1 49 


1 61 


19 


20 
21 


3 b 
3 16 


2 47 
2 54 


2 Si 
2 37 


2 20 
2 24 


2 10 
2 14 


2 8 
2 6 


1 57 
1 69 


1 50 
1 52 


1 46 
1 47 


1 48 

1 44 


1 41 
1 42 


1 42 

1 4I 


1 43 

1 42 


1 46 


1 47 


1 49 
1 47 


20 
21 


1 48 


1 45 


22 


3 23 


3 


2 43 


2 29 


2 lb 


2 9 


2 2 


1 54 


1 49 


1 45 


1 42 


1 40 


1 41 


1 42 


1 48 


1 45 


22 


23 


3 31 


3 6 


2 47 


2 33 


2 22 


2 13 


2 5 


1 57 


1 51 


1 47 


I 48 


1 41 


1401 41 


1 42 


i 44 


23 


24 


3 38 


3 12 


2 53 


2 3b 


2 25 


2 16 


2 8 


1 69 


1 52 


1 48 


1 44 


1 41 


140] 


1 41 


1 42 


1 48 


24 


25 


3 40 


3 18 


2 Sh 


2 42 


2 20 


2 19 


2 12 


2 1 


1 54 


1 49 


1 45 


1 42 


1 40 


1 40 


1 41 


1 42 


25 


20 


3 &:i 


3 24 


8 4 


2 41 


2 33 


2 23 


2 15 


2 8 


1 55 


1 50 


1 46 


1 43 


1 41 


1 40 


1 41 


1 42 


^ 


27 


4 1 


3 31 


3 10 


2 52 


2 37 


2 26 


2 19 


2 6 


1 57 


1 51 


1 47 


1 43 


1 41 


1 40 


1 40 


1 41 


27 


28 


4 b 


3 37 


3 15 


2 50 


2 4i 


2 30 


2 22 


2 8 


1 59 


1 53 


1 48 


1 44 


1 42 


1 41 


1 40 


1 40 


28 


29 


4 15 


3 43 


3 20 


3 1 


2 40 


2 34 


2 26 


2 11 


2 1 


1 55 


1 49 


1 46 


1 48 


1 41 


1 40 


I 39 


29 


30 


4 22 


3 49 


3 25 


3 5 


2 50 


2 3b 


2 29 


2 14 


a 8 


1 56 


1 50 


1 46 


1 44 


1 42 


I 40 


1 39 


80 


31 


4 29 


3 55 


3 30 


3 10 


2 54 


2 41 


2 82 


2 17 


2 5 


1 58 


1 52 


1 47 


1 44 


1 42 


1 40 


1 39 


31 


32 


4 36 


4 1 


3 35 


3 14 


2 5b 


2 45 


2 35 


2 19 


2 7 


1 59 


1 53 


1 48 


1 45 


1 43 


1 41 


1 89 


82 


33 


4 43 


4 7 


3 40 


3 19 


3 2 


2 49 


2 88 


2 22 


2 9 


2 1 


1 64 


1 49 


1 46 


1 44 


1 42 


1 40 


83 


34 


4 50 


4 12 


3 45 


3 23 


3 


2 52 


2 41 


2 24 


2 11 


2 2 


1 56 


1 50 


1 47 


1 44 


1 42 


1 40 


34 


35 
36 


4 57 

5 4 


4 Ih 
4 24 


3 50 
3 55 


8 2b 


3 10 


2 56 

3 


2 44 

2 47 


2 27 
2 29 


2 14 
2 16 


2 4 
2 6 


1 57 

1 68 


1 61 
1 62 


1 47 
1 48 


1 44 


1 42 


1 40 
1 41 


86 
86 


3 32 


3 14 


1 45 


1 43 


37 


5 11 


4 29 


4 


3 87 


3 19 


8 8 


2 50 


2 82 


2 18 


2 8 


2 


1 53 


1 49 


1 46 


1 44 


1 42 


37 


38 


5 18 


4 35 


4 5 


3 42 


3 23 


3 7 


2 54 


2 84 


2 20 


2 9 


2 1 


1 54 


1 49 


1 46 


1 44 


1 42 


38 


80 


5 25 


4 41 


4 10 


3 46 


3 27 


3 11 


2 58 


2 86 


2 82 


2 10 


2 2 


1 65 


1 50 


1 47 


1 45 


1 48 


89 


40 


5 81 


4 47 


4 15 


8 50 


3 81 


8 14 


8 1 


2 88 


2 24 


2 12 


2 4 


1 67 


1 51 


1 47 


1 45 


1 48 


40 


41 


5 38 


4 52 


4 20 


3 54 


3 85 


3 18 


8 4 


2 41 


2 26 


2 14 


2 6 


1 68 


1 62 


1 48 


1 46 


1 44 


41 


42 


5 44 


4 57 


4 25 


8 58 


8 8b 


8 21 


8 7 


2 44 


2 28 


2 16 


2 7 


1 69 


1 63 


1 49 


1 46 


1 44 


42 


43 


5 51 


5 8 


4 30 


4 2 


8 42 


3 25 


8 10 


2 46 


2 30 


2 17 


2 8 


2 1 


1 65 


1 50 


1 47 


1 45 


48 


44 


6 57 


5 8 


4 85 


4 6 


8 46 


8 28 


8 13 


2 48 


2 32 


2 19 


2 10 


2 8 


1 56 


1 61 


1 48 


1 45 


44 


46 


6 9 


5 18 


4 44 


4 14 


^ 53 


8 35 


8 19 


2 53 


2 86 


2 28 


2 18 


2 4 


1 68 


1 58 


1 49 


1 46 


46 


48 


6 20 


5 28 


4 53 


4 22 


4 


3 41 


3 25 


2 68 


2 39 


2 26 


2 15 


2 7 


2 


1 65 


1 51 


1 48 


48 


50 


6 81 


5 88 


5 1 


4 30 


4 6 


8 47 


8 80 


3 3 


2 43 


2 29 


2 18 


2 9 


2 2 


1 66 


1 52 


1 49 


50 


52 


6 41 


5 47 


5 9 


4 87 


4 12 


3 68 


8 85 


8 7 


2 47 


2 32 


2 21 


2 12 


2 4 


1 58 


I 54 


1 50 


52 


54 


6 51 


5 56 


5 17 


4 44 


4 18 


3 58 


3 89 


8 11 


2 51 


2 85 


2 24 


2 14 


2 6 


1 69 


1 55 


1 52 


54 


56 


7 1 


6 5 


5 24 


4 50 


4 24 


4 8 


3 44 


3 15 


2 54 


2 88 


2 26 


2 17 


2 8 


2 1 


1 57 


1 53 


56 


58 


7 11 


6 14 


5 31 


4 56 


4 80 


4 8 


3 49 


3 19 


2 67 


2 41 


2 29 


2 19 


2 10 


2 8 


I 5b 


1 54 


58 


60 


7 20 


6 22 


5 88 


5 2 


4 85 


4 13 


3 54 


3 23 


3 


2 44 


2 31 


2 21 


2 12 


2 5 


1 59 


1 55 


60 


62 


7 28 


6 29 


5 44 


5 7 


4 40 


4 18 


3 58 


3 27 


8 3 


2 47 


2 33 


2 22 


2 13 


2 6 


2 


1 50 


62 


64 


7 86 


6 35 


5 50 


5 12 


4 44 


4 22 


4 2 


8 81 


8 6 


2 49 


2 35 


2 24 


2 15 


2 7 


2 1 


1 56 


64 


66 


7 43 


6 41 


5 55 


5 17 


4 49 


4 20 


4 6 


3 34 


8 9 


2 51 


2 37 


2 26 


2 16 


2 8 


2 2 


1 57 


06 


68 


7 49 


6 46 


6 


5 21 


4 53 


4 80 


4 9 


3 87 


8 12 


2 53 


2 39 


2 27 


2 17 


2 9 


2 8 


1 68 


08 


70 


7 55 


6 51 


6 5 


5 25 


4 57 


4 83 


4 12 


3 89 


3 14 


2 55 


2 41 


2 29 


2 19 


2 10 


2 4 


1 59 


70 


72 


8 


6 55 


6 9 


5 29 


5 


4 86 


4 14 


3 41 


8 16 


2 57 


2 42 


2 30 


2 20 


2 11 


2 5 


2 


72 


74 


8 6 


6 59 


6 13 


5 82 


5 3 


4 8b 


4 16 


3 43 


3 18 


2 58 


2 43 


2 81 


2 21 


2 12 


2 5 




74 


76 


8 9 


7 3 


6 16 


5 35 


5 6 


4 40 


4 18 


8 44 


3 19 


2 59 


2 44 


2 32 


2 22 


2 13 






76 


78 


8 13 


7 6 


6 19 


5 87 


5 b 


4 42 


4 19 


3 45 


3 20 


3 


2 45 


2 82 


2 22 








7b 


80 


8 16 


7 9 


6 21 


5 40 


5 10 


4 44 


4 21 


3 46 


3 21 


3 1 


2 46 


2 88 










80 


82 


8 19 


7 12 


6 23 


5 42 


5 12 


4 45 


4 22 


3 47 


8 22 


8 2 


a 46 












82 


84 


8 22 


7 14 


6 25 


5 44 


5 13 


4 46 


4 23 


3 48 


3 23 


3 8 














84 


86 


8 24 


r 16 


6 27 


5 46 


5 14 


4 47 


4 24 


3 49 


8 24 
















86 




ep 


7°. 


8° 1 9® 


lOO 


11° 


120 


140 


16® 


18^ 


20° 


22© 


240 


26^|280| 


30© 
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TABLE XViU. XQ3 


Thiep Cqeriction, to Apparsnt Distahcs 84P. 


App 

Alt. 
o 


APPARENT ALTITUDB OF THE SUN, Oft STAR. 


App 
Alt 



32^ 

1 a 


34^ 

1 M 


SttO 

1- u 


38*- 


42^ 

1 n 


46^ 


50- 


54^ 


580 

1 » 


1 u 


66° 
1 « 


70O 


740 




83* 


86* 


/ # 


i 


6 


4 34 


4 4b 


5 2 


5 15 


5 41 


6 € 


6 29 


6 51 


1 10 


7 27 


7 43 


17 55 


8 6 


8 14 


8 21 


8 27 


6 


7 


4 


4 U 


4 24 


4 3C 


4 58 


h 111 


5 3ii 


5 5fa 


6 Ifi 


sc 


>6 42 


6 63 


7 2 


7 S 


7 15 


7 19 


7 


8 


3 3C 


3 47 


3 5; 


4 7 


4 23 


1 46 


5 4 


5 3€ 


5 3^ 


5 4C 


»5 5b 


6 9 


6 17 


6 23 


6 28 


6 31 


8 


9 


3 16 


3 25 


3 34 


3 43 


1 


4 17 


4 33 


4 47 


4 5S 


5 IC 


15 ao|5 295 36 


5 42 


5 47 


5 50 


9 


10 
11 


3 1 


3 6 


3 1'^ 

3 S 


3 25 

3 10 


3 41 

3 24 


3 55 
3 37 


4 fi 
3 51 


4 21 
4 2 


4 sa 

4 u 


4 43 
4 21 


14 58 


5 1 


6 7 
4 43 


5 13 

4 48 


5 17 
4 61 


5 19 
4 54 


10 
11 


2 48 


2 55 


4 8C 


4 87 


13 


3 3b 


2 44 


2 51 


3 58 


3 10 


3 22 


3 34 


3 45 


3 54 


4 :i 


(4 10 


4 164 22 


4 26 


4 28 


4 80 


12 


IS 


2 29 


2 35 


2 41 


3 47 


2 58 


3 S 


3 20 


3 2fi 


3 3fi 


3 45 


3 52 


3 58 


4 3 


4 7 


4 9 




13 


14 


2 22 


2 27 


2 33 


2 38 


2 48 


2 5fi 


3 b 


3 1€ 


3 24 


3 31 


3 37 


3 43|3 47 


3 51 


3 63 




14 


15 
16 


2 16 
2 11 


2 21 
2 15 


2 26 


3 30 


2 3U 
2 32 


2 48 

2 4(J 


2 57 
2 4b 


3 6 

2 50 


3 VI 


3 Ifi 


3 35 
3 15 


3 30 
3 19 


3 34 

3 33 


3 37 


3 40 




15 
16 


2 20 


2 24 


3 ^ 


3 S 


3 a6|3 39 


17 


3 7 


2 10 


a 14 


2 18 


2 26 


t 34 


2 41 


2 4b 


3 54 


3 


3 5 


3 9 


3 13 


3 16 






17 


18 


2 3 


3 6 


2 10 


2 13 


2 21 


2 2b 


2 34 


2 40 


2 46 


2 52 


a 57 


3 1 


3 4 


3 6 






18 


19 


2 


2 3 


2 6 


a 9 


2 16 


2 %i 


2 29 


2 34 


2 40 


a 45 


a 49 


2 53 


2 66 


a 58 






19 


30 
31 


1 57 
1 54 


2 Q 


2 2 


2 6 

2 3 


2 12 
2 8 


3 lb 
2 13 


2 24 
2 19 


2 29 
2 24 


2 34 
2 29 


a 38 
2 83 


2 42 
2 36 


2 45 

2 39 


2 48 
2 41 


a 50 






20 
21 


1 57 


1 59 






32 


1 53 


I 54 


1 56 


I 51# 


2 4 


2 9 


2 14 


2 19 


a 24 


2 28 


2 31 


a 34 


2 36 




■■ 




22 


23 


I 50 


1 53 


1 54 


1 66 


2 1 


2 5 


2 10 


2 15 


a 19 


2 23 


2 26 


2 29 


2 32 








23 


34 


1 49 


1 50 


1 53 


1 54 


1 58 


2 2 


2 7 


2 11 


a 15 


2 19 


2 22 


2 25 


a 38 








24 


25 
26 


1 48 
1 47 


1 49 
1 48 


I 50 
1 49 


1 63 
1 51 


1 56 
1 54 


2 
1 58 


2 4 


3 8 


2 12 
2 9 


2 15 
2 12 


2 18 
a 15 


2 21 
2 17 










25 
26 


2 2 


3 5 






37 


1 47 


1 48 


1 49 


I 5a 


1 53 


1 56 


3 


2 3 


a 6 


2 9 


a 13 


,2 14 










27 


28 


1 4Q 


1 47 


1 48 


1 49 


1 51 


1 54 


1 58 


2 1 


2 3 


2 6 


2 9 


2 U 










38 


29 


1 4Q 


1 47 


1 47 


I 48 


1 50 


I 53 


1 66 


1 59 


2 1 


a 4 


2 6 












30 


30 
SI 


1 45 
1 45 


1 46 
1 45. 


1 46 
1 4Q 


1 47 
1 47 


1 49 
1 49 


1 52 
1 51 


1 55 
1 54 


1 67 
1 56 


2 

1 68 


a 2 

2 


2 3 












30 
31 


2 1 










33 


1 45 


I 45^ 


I 45 


1 46 


1 48 


1 50 


1 52 


1 64 


1 56 


1 58 


1 69 












32 


S3 


1 45 


I 45 


1 45 


1 46 


1 47 


1 49 


1 51 


1 63 


1 64 


I 66 














33 


34 


1 45 


1 44| 


1 44 


1 45 


1 46 


1 48 


1 60 


1 62 


1 53 


1 54 














34 


.35 
36 


1 45 
1 46 


1 44 
1 45 


1 44 
1 44 


1 45 


I 46 


1 47 
1 46 


1 49 
I 48 


1 60 
1 49 


1 51 
1 60 


1 53 
1 60 


■ 












35 
36 


1 44 


1 45 










37 


1 46 


1 45 


1 44 


1 44 


1 45 


1 45 


1 47 


1 48 


1 49 
















37 


38 


I 46 


I 45 


I 44 


1 44 


1 44 


1 45 


1 46 


I 47 


1 48 
















38 


39 


I 46 


I 45 


1 44 


1 44 


1 44 


1 44 


1 46 


1 46 


1 47 
















39 


40 
41 


I 46 
1 47 


1 45 
1 46 


1 45 
I 45 


1 45 
1 45 


I 44 
1 44 


1 44 


1 45 


1 45 
1 44 


1 46 
















40 
41 


1 44 


1 44 












43 


1 48 


1 47 


1 46 


1 45 


1 43 


1 43 


1 44 


1 44 


















42 


43 


1 49 


1 48 


1 46 


I 45 


1 43 


1 43 


1 44 


1 44 


















43 


44 


I 49 


1 48 


1 47 


1 45 


1 48 


1 43 


1 43 










, 










44 


46 

48 


1 50 
1 61 


1 49 
1 50 


1 47 

1 4b 


1 45 
1 46 


1 43 
1 44 


1 43 
1 43 


1 43 

1 42 




















46 

48 


^^^"^ 










50 


1 63 


1 51 


1 49 


1 47 


1 44 


1 43 






















50 


53 


1 54 


1 51 


1 49 


1 47 


1 44 


1 42 






















53 


54 


1 55 


1 52 


1 49 


1 47 


1 44 














1 






54 


56 

58 


1 56 
156 


1 53 
1 53 


1 50 
1 50 


1 48 
1 48 


1 44 
















J 1 






56 








taml^P' uwner or sun** pai 




60 
63 
64 
66 

68 
70 
73 

74 
76 

78 
80 
83 
84 
86 


I 57 
1 58 
I 59 
1 59 


1 54 
I 54 

V 55 


1 51 

I 51 


1 48 


■ 






* 




63® 


66° 
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5 

!• 

If 
SO 

u 
» 

4t 

M 
M 

« 

TO 
7* 
00 
M 


■«■'• ArVMMl AlUla4«. 


77 


10 


>oap4j 

1*1 1 


9M 


M 

77 


1 


70 8««l 
« /* « 



1 1 < 

S 1 


W 








«:40 


580 


340 


3^0 


420 


AOQ 


fiAO 


**• ■»*» 1 


WW «»•• 1 









104 



TABLE XVIII 
ThiAd Correction, to Apparent Distance 88® 



App 
Alt 



o 

6 
7 
8 
9 

H. 

II 

12 

13 

14 

15 



16 
17 
18 
19 
20 



21 
22 



24 
25 

26 
27 
28 
29 
80 

31 
32 
83 
84 

11 

36 

37 

38 

39 

40 

41 
42 
43 
44 

— 

48 

50 
62 
54 

50 

"HS" 

60 
62 
61 

60 

"os" 

70 
72 
74 
76 

78 
80 

82 
84 
86 



APPARENT ALTITUDE OF THE SUN, OR STAR. 




App 

Alt. 



26** 1 28^ 



•■*~ *■ 


— — 
































-• 


^ 






,. 


■ •^-: — : 

TABLE XVIII. 106 


. Th I Rb Correction, to Apparent Distance 88° 


App 
Alt. 


^ APPARENT ALTITUDE OF THK SUN, OR STAR. 


App 
Alt. 


SijO 


340 


36^ 


38^ 


420 


4qo 


6OO 


540 


58^ 


6:iO 


66° 


70° 


740 


78<^ 


82© 


80° 


o 


/ u 


' 


1 It 


S II 


s a 


1 « 


/ // 


/ If 


/ // 


/ a 


/ // 


/ // 


/ n 


/ // 


1 II 
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6 


4 40 


4 54 


5 8 


22 


5 48 


6 13 


6 36 


6 57 


7 16 


7 34 


7 49 


8 2 


8 13 


8 21 


8 27 


8 32 


6 


7 


4 4 


4 16 


4 28 


4 40 


5 3 


5 25 


5 45 


6 4 


6 21 


6 30 


6 49 


7 


7 9 


7 16 


7 22 


7 2i 


7 


8 


3 41 


3 52 


4 3 


4 IS 


1 33 


4 52 


5 10 


5 26 


5 40 


5 53 


6 5 


6 15 


6 23 


6 29 


6 34 


6 37 


8 


9 


3 22 


3 31 


3 41 


3 50 


4 8 


4 24 


4 39 


4 5^' 


5 5 


6 16 


5 26 


5 35 


5 43 


5 40 


5 54 




9 


10 
11 


3 a 

2 54 


3 U 
3 2 


3 22 
3 9 


3 30 
3 16 


3 46 
3 30 


4 1 


4 15 


4 2; 
4 7 


4 38 
4 17 


4 4« 
4 2i 


4 5b 

4 ac 


5 7 
4 43 


5 14 

4 49 


5 10 
4 63 


5 23 
4 67 




1() 
11 


13^3 


3 56 


12 


2 44 


2 51 


2 5b 


3 4 


3 16 


3 28 


3 40 


3 60 


4 


4 8 


4 1(3 


4 23 


4 28 


4 32 


4 36 




1^ 


13 


2 35 


2 41 


2 47 


2 53 


3 4 


3 16 


3 2^ 


3 36 


3 44 


3 52 


3 5Q 


4 5 


4 10 


4 13 






13 


14 


2 27 


2 33 


2 38 


2 44 


2 64 


3 4 


3 14 


3 22 


3 30 


3 37 


3 44 


3 50 


3 54 


3 57 
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47 
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7 27 
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TABLE XVIII. 121 


Third Coreection, to Apparemt Distance 120*^. 


App 
Alt. 


AFPARBNT ALTITUDE OF THB SUM, OR STAR. 
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Alt. 

• 


24° 


260 

» 


280 


30^ 


320 

/ 


340 

/ 


36° 


38° 


40° 


420 440 


46° 


4bO 


50<^ 


520 549 

t u i 


o 


' 
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/ 


/ 


/ 


6 


5 15 


5 32 


5 49 
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16 41 
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)7 4t 
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8 31 


[S 44 


8 67 


9 $] 


6 


7 


4 45 


5 


5 15 


5 30 
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6 
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6 43 
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7 8 
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7 33 
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7 67 


f 


7 


8 


4 25 


4 38 


4 51 
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5 17 


5 30 


5 43 


5 56 
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6 81 
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4 20 


4 31 


4 48 


4 55 


5 7 
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5 28 


5 3« 


5 4fi 


6 
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6 20 
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9 


10 
11 


3 57 
3 47 


4 7 
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4 17 


4 27 


4 37 
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4 47 
4 32 


4 57 


5 7 
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5 27 


6 37 


5 40 


6 66 
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11 


4 5 


4 14 


4 42 


4 51 
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5 2a 
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' 






12 
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3 55 
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4 44 


4 62 


6 
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12 


13 


3 32 


3 39 


3 46 


3 63 


4 
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18 


14 
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4 34 
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14 
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16 
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3 20 
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16 
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3 41 
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17 
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17 


18 


3 16 
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18 


19 
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19 
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21 
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3 27 
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3 48 
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21 


3 21 
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3 32 


3 36 














22 
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3 26 
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22 


23 
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24 
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26 
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S. 
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4164 
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4040 


8979 


8919 


8860 


8802 


8745 
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3682 


8576 







1 


4227 


4163 


4101 


4089 


8978 


8919 
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8801 


8744 


8687 


8631 


8576 
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1 


4226 


4162 


4100 


4088 


8977 


8918 


8858 


8800 


8743 


8686 


8680 


8575 
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s 


4114 


4161 


4099 


4037 


8976 


8917 


8857 


8799 


8742 


8685 


8629 


8574 
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4 
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4160 


4098 


4086 


8975 


8916 


8856 


8798 


8741 


8684 
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8578 
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5 


0.4221 


4159 


4097 


4085 


8974 


8916 


8856 


8797 


8740 


8683 


8627 


8572 
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6 
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4158 


4096 


4084 


8973 


8914 


8855 


8796 


8789 


8682 


8616 


8571 
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7 


4220 


4157 


4096 


4088 


8972 


8913 


8854 


8705 


8788 


8681 


8625 


8570 
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8 


4210 


4156 


4098 


4081 


8971 


8912 


8858 


8794 
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8680 


8614 


8569 
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9 
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4091 


4081 


8970 


8911 


8852 
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8679 


8613 


8568 


9 


■ 


10 


0.4217 


4154 


4091 


4080 


8969 


8910 


8851 


8792 


8735 


8678 


8613 


8567 
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11 


4216 
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4090 


4019 


8968 


8909 


8850 


8792 


8784 
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8611 


8566 


11 






11 


4215 
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4089 


4028 


8967 


8908 


8849 


8791 


8783 


8677 
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8566 
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IS 
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4088 


4027 


8966 


8907 


8848 
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8782 


8676 
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8566 
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14 


4218 


4150 


4087 


4026 


8965 


8906 


3847 


8789 


8781 


8675 


8619 


8564 


14 




15 


0.4212 


4149 


4086 


4025 


3964 


3905 


8846 


8788 


8780 


8674 


8618 


8563 


15 




16 


4211 


4147 


4085 


4024 


8963 


8904 


8845 


8787 


8720 


8673 


8617 


8562 


16 






17 


4210 


4146 


4084 


4023 


8962 


8903 


8844 


8786 


8728 


8672 


3616 


8561 


17 






18 


4209 


4145 


4088 


4022 


8961 


8002 


8843 


8785 


8717 


8671 


8615 


8560 


18 






19 


4207 


4144 


4082 


4021 


8960 


8901 


8842 


8784 


8727 


8670 


3614 


8559 


19 




90 


0.4206 


4143 


4081 


4020 


3959 


3900 


8841 


8783 


8726 


8669 


3613 


8558 


20 




11 


4205 


4141 


4080 


4019 


3958 


8899 


8840 


3782 


8725 


8668 


3612 


8557 


21 






U 


4204 


4141 


4070 


4018 


8957 


8898 


3839 


8781 


3724 


8667 


3611 


8556 


H 






IS 


4203 


4140 


4078 


4017 


8956 


8897 


8838 


8780 


3723 


8666 


3610 


8555 


23 






14 


4202 


4139 


4077 


4016 


8955 


8896 


8837 


8779 


3722 


.<M)65 


3610 


8555 


24 




15 


0.4201 


4138 


4076 


4016 


3954 


3895 


3836 


8778 


8721 


3664 


8609 


3564 


25 




16 


4200 


4137 


4075 


4014 


3958 


3894 


8835 


3777 


8720 


8663 


3608 


8668 


26 






17 


4199 


4186 


4074 


4013 


3952 


8893 


8834 


3776 


3719 


8668 


3607 


8552 


27 






18 


4198 


4185 


4078 


4012 


3951 


3892 


8833 


3775 


8718 


3662 


3606 


8551 


28 






19 


4197 


4134 


4072 


4011 


8950 


8891 


8882 


8774 


8717 


8661 


8605 


8550 


29 




SO 


0.4196 


4183 


4071 


4010 


3949 


8890 


8831 


8778 


3716 


3660 


8604 


3549 


30 




SI 


4195 


4132 


4070 


4009 


8948 


8889 


8830 


8772 


8715 


8659 


8603 


8548 


31 






SI 


4194 


4131 


4069 


4008 


8947 


8888 


8829 


8771 


8714 


8658 


3602 


3647 


32 






SS 


4198 


4130 


4068 


4007 


8946 


8887 


8828 


8770 


3718 


8657 


3601 


3546 


83 






S4 


4192 


4129 


4067 


4006 


3945 


8886 


3827 


3769 


8712 


365C 


3600 


3545 


34 




35 


0.4191 


4128 


4066 


4005 


3944 


3885 


3826 


8768 


8711 


8655 


3599 


3546 


85 




36 


4189 


4127 


4065 


4004 


3943 


'388'1 


8825 


8768 


3710 


8654 


8598 


3544 


86 






87 


4188 


4126 


4064 


4003 


3942 


3883 


3824 


8767 


3709 


8653 


8598 


8543 


87 






38 


4187 


4125 


4063 


4002 


3041 


3882 


3823 


3766 


8709 


8652 


8597 


8541 


88 






89 


4186 


4124 
4122 


4062 


4001 


3940 


3881 


3822 


8765 


3708 
8707 


3651 


8596 


3541 


89 




40 


0.4185 


4061 


4000 


8939 


3880 


3821 


3764 


3650 


3595 


3540 


40 




41 


4184 


4121 


4060 


890(9 


3938 


3879 


3820 


3763 


3706 


8649 


3594 


8589 


41 






41 


4183 


4120 


4050 


8998 


3937 


8878 


8820 


8762 


3705 


8649 


3593 


3688 


42 






4S 


4182 


4119 


4058 


8997 


8936 


3877 


8819 


8761 


8704 


8648 


3592 


8587 


48 






44 


4181 


4118 


4056 


3996 


3935 


3876 


3818 


8760 


3703 


8647 


3591 


8536 


44 




46 


0.4180 


4117 


4055 


3995 


3934 


3875 


8817 


3759 


8702 


8646 


3590 


8585 


45 




46 


4179 


4116 


4054 


8993 


3983 


3874 


3816 


3758 


3701 


8645 


3689 


8535 


46 






47 


4178 


4115 


4053 


8992 


8932 


3873 


3815 


8757 


8700 


3644 


8588 


8584 


47 






48 


4177 


4114 


4052 


8991 


8931 


3872 


3814 


8756 


8699 


3643 


8587 


8533 


48 






49 


4176 


4113 


4051 


.8090 


8930 


3871 


3813 


8755 


3698 


8642 


3587 


8532 


49 




50 


0.4175 


4112 


4050 


8989 


3929 


3870 


8812 


8754 


3697 


3641 


3586 


8531 


50 




51 


4174 


4111 


4049 


3988 


3928 


3869 


3811 


3753 


3696 


3640 


3585 


8530 


51 






52 


4173 


4110 


4048 


3987 


3927 


3868 


3810 


8752 


8695 


3639 


8584 


8529 


52 






58 


4172 


4109 


404r 


3986 


3926 


3867 


3809 


3751 


3694 


3638 


3583 


8528 


58 






54 


4171 


4108 


4046 


3985 


3925 


8866 


3808 


3750 


3693 


3637 


3582 


8527 


54 




55 


0.4169 


4107 


4045 


8984 


3924 


3865 


3807 


8740 


3608 


8636 


3581 


8526 


55 




56 


4168 


4106 


4044 


8983 


8923 


3864 


3806 


8748 


3692 


8635 


3580 


8525 


56 






57 
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4043 


8982 
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3863 


3805 


8747 


3691 


3635 
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3525 
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58 
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4042 


8981 
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3862 


3804 


8746 


3690 
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3578 
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2685 
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2596 
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2424 







1 


2314 


2867 
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2684 


2640 
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2609 
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2424 
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2 
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2820 
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2819 
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2606 


2463 
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2684 
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2406 
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27 


2894 


2847 


2801 


2755 


2710 


2665 


2621 


2577 


2583 


2490 


2448 


2406 
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28 


2893 


2846 


2800 


2754 


2709 


2664 


2620 


2576 


2533 


2489 


2447 


2405 
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29 
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2845 


2799 


2753 


2708 
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2575 


2532 


2489 


2446 


2404 
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2790 
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37 
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2839 
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2569 
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2483 


2441 
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2747 
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2657 
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2569 
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2482 


2440 
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2838 
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2525 
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2745 
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2655 


2611 
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2740 
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2512 


2470 


2427 


2385 


66 






67 


2870 
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2778 


2732 


2587 


2643 


2599 


2555 


2512 


2469 


2426 


2384 


67 






68 


2869 


2823 


2777 


2732 


2687 


2642 


2598 


2554 


2511 


2168 


2426 


2384 


68 




» 


69 


2869 


2822 


2776 


2731 


2686 


2641 


2697 


2553 


2510 


2467 


24-25 


2383 


59 






1 32I 


1 33*1 ti 


1 35ll 36 


1 37 


I 88 


1 89 


1 40 


I 41 


1 42 


1 43 







T. 



r 





TABLE XIX, 


131 


■ 




• 

Proportional Logarithms. 




. 




i 


o > 


O / 


o / 


6 * 


O / 


O ' 


a 1 


/ 


/ 


o / 


o / 


O 1 


u 






■• 


Ik m 


h. m. 


lu m. 


h. nr. 


h. m. 


h. m 


btf m 


(U ID 


ii. n. 


h. m. 


lu m. 


\\. m. 


%, 








1 44 


1 45 


1 46 


1 47 


1 48 


1 49 


1 50 


1 51 


1 52 


1 53 


1 54 


1 55 









0.2382 


2341 


2300 


2259 


2218 


2178 


2139 


2099 


2061 


2022 


1984 


1946 









1 


2382 


2340 


2299 


2258 


2218 


2178 


2138 


2099 


2060 


2021 


1983 


1945 


1 






2 


2381 


2339 


2298 


2258 


2217 


2177 


2137 


2098 


2059 


2021 


1982 


1944 


2 






8 


2380 


2339 


2298 


2257 


2216 


2176 


2137 


2098 


2059 


2020 


1982 


1944 


8 






4 


2380 


2338 


2297 


2256 


2216 


2176 


2136 


2097 


2058 


2019 


1981 


1943 


4 
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0.2379 


2337 


2296 


2256 


2215 


2175 


2136 


2096 


2057 


2019 


1981 


1943 


5 






6 


2378 


2337 


2296 


2255 


2214 


2174 


2135 


2096 


2057 


2018 


1980 


1942 


6 






T 


2378 


2836 


2295 


2254 


2214 


2174 


2134 


2095 


2056 


2017 


1979 


1941 


7 






8 


2377 


2335 


2294 


2253 


2213 


2173 


2134 


2094 


2055 


2017 


1979 


1941 


8 









2376 


2335 
2334 


2294 


2253 


2212 


2172 


2183 


2094 


2055 


2016 


1978 


1940 







10 


0.2375 


2293 


2252 


2212 


2172 


2132 


2093 


2054 


2016 


1977 


1939 


10 




• 


11 


2375 


2333 


2292 


2251 


2211 


2171 


2132 


2092 


2053 


2015 


1977 


1939 


11 






12 


2374 


2333 


2291 


2251 


2210 


2170 


2131 


2092 


2053 


2014 


1976 


1938 
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18 


2373 


2832 
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2250 


2210 


2170 


2130 


2091 


2052 


2014 
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1938 
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14 


2373 


2831 


2290 


2249 


2209 
2208 
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2130 


2090 


2052 


2013 
2012 
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1937 


14 




16 


0.2372 


2331 


2289 


2249 


2169 


2129 


2090 


2051 


1974 


1936 


15 
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2371 


2330 


2289 


2248 


2208 


2168 


2128 


2089 


2050 


2012 


1974 


1936 


16 






17 


2371 


2829 


2288 


2247 


2207 


2167 


2128 


2088 


2050 


2011 


1973 


1935 


17 






19 


2370 


2328 


2287 


2247 


2206 


2166 


2127 


2088 


2049 


2010 
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1934 


18 






10 


2369 


2328 


2287 


2246 


2206 


2166 


2126 


2087 


2048 


2010 
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1972 


1934 


19 




20 


0.2368 


2827 


2286 


2245 


2205 


2165 


2126 


2086 


2048 


1971 


1933 


20 






21 


2368 


2326 


2285 


2245 


2204 


2165 


2125 


2086 


2047 


2009 
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1933 


21 




1 


22 
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2326 


2285 


2244 


2204 


2164 


2124 


2085 


2046 


2008 
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1932 


22 






23 


2366 


2325 


2284 


2243 


2203 


2163 


2124 


2085 


2046 


2007 


1969 


1931 


23 




» 


24 


2366 


2324 


2283 


2243 


2202 


2163 


2123 


2084 


2045 


2007 


1968 


1931 


24 




25 


0.2365 


2324 


2283 


2242 


2202 


2162 


2122 


2083 


2044 


2006 


196b 


1930 


25 






26 


2364 


2323 


2282 


2241 


2201 


2161 


2122 


2083 


2044 


2005 


1967 


1929 


26 






27 


2364 


2322 


2281 


2241 


2200 


2161 


2121 


2082 


2043 


2005 


1967 


1929 


27 






28 


2363 


2322 


2281 


2240 


2200 


2160 


2120 


2081 


2042 


2004 


1966 


1928 


28 






29 


2362 


2321 


2280 


2239 


2199 


2159 


2120 


2081 


2042 


2003 


1965 


1928 


29 




30 


0.2362 


2320 


2279 


2239 


2198 


2159 


2119 


2080 


2041 


2003 


1965 


1927 


30 






81 


2361 


2320 


2279 


2238 


2198 


2158 


2118 


2079 


2041 


2002 


1964 


1926 


81 






32 


2360 


2319 


2278 


2237 


2197 


2157 


2118 


2079 


2040 


2001 


1963 


1926 


82 






33 


2359 


2318 


2277 


2237 


2196 


2157 


2117 


2078 


2039 


2001 


1963 


1925 


83 






34 


2359 


2317 


2277 


2236 


2196 


2156 


2116 


2077 


2039 


2000 


1962 


1924 


34 
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0.2358 


2317 


2276 


2235 


2195 


2155 


2116 


2077 


2088 


2000 


1962 


1924 


35 






36 


2357 


2316 


2275 


2235 


2194 


2155 


2115 


2076 


2037 


1999 


1961 


1923 


36 






37 


2357 


2315 


2274 


2234 


2194 


2154 


2115 


2075 


2037 


1998 


1960 


1923 
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38 


2356 


2315 


2274 


2233 


2193 


2153 


2114 


2073 


2036 


1998 


1960 


1922 


38 






39 


2355 


2314 


2273 


2233 


2192 


2153 


2113 


2074 


2035 


1997 


1959 


1921 


39 
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0.2355 


23ia 


2272 


2232 


2192 


2152 


2113 


2073 


2035 


1996 


1958 


1921 


40 
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2313 


2272 


2231 


2101 


2151 


2112 


2073 


2034 


1996 


1958 


1920 


41 






42 


2353 


2312 


2271 


2281 


2190 


2151 


2111 


2072 


2033 


1995 


1957 


1919 


42 






43 


2353 


2311 


2270 


2230 


2190 


2150 


2111 


2072 


2033 


1994 


1956 


1919 


43 






44 


2352 


2311 


2270 


2229 


2189 


2149 


2110 


2071 


2032 


1994 


1956 


1918 
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0.2351 


2310 


2269 


2229 


2188 


2149 


2109 


2070 


2032 


1998 


1955 


1918 
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2350 


2309 


2268 


2228 


2188 


2148 


2109 


2070 


2031 


1993 


1955 


1917 


46 
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. 2350 


2309 


2268 


2227 


2187 


2147 


2108 


2069 


2030 


1992 


1954 


1916 


47 






48 


2349 


2308 


2267 


2227 


2186 


2147 


2107 


2068 


2080 


1991 


1053 


1916 


48 






49 


2348 


2307 


2266 


2226 


2186 


2146 


2107 


2068 


2029 


1991 


1953 


1915 
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0.2348 


2307 


2266 


2225 


2185 


2145 


2106 


2067 


2028 


1990 
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1914 
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2347 


2306 


2265 


2225 


2184 


2145 


2105 


2066 


2028 
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2184 
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2066 


2027 
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1913 
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53 


2346 
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2143 


2104 


2065 


2026 
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1913 
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54 
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2304 
2303 


2263 


2223 


2182 


2143 


2103 


2064 


2026 


1987 


1950 


1912 


54 
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0.2344 


2262 


2222 


2182 


2142 


2103 


2064 


2025 


1987 


1949 


1911 


55 






56 


2344 


2302 


2262 


2221 


2181 


2141 


2102 


2063 


2025 


1986 


1948 


1911 


56 






57 


2343 


2302 


2261 


2220 


2180 


2141 


2101 


2062 


2024 


1986 


1948 


1910 


57 






58 


2342 


2301 


2260 


2220 


2180 


2140 


2101 


2062 


2023 


1985 


1947 


1909 


58 
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2800 


2260 


2219 


2179 


2139 


2100 


2061 


2023 


1984 


1946 
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1871 


1834 


1797 


1761 


1725 


1689 
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1549 


1515 







1 


1908 


1870 


1833 


1797 
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1724 
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1618 


1583 


1648 


1514 


1 






2 


1907 
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1688 
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3 


1906 


1869 
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4 


1906 


1868 
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1795 


1759 


1722 


1687 


1651 


1616 


1681 


1647 


1512 
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5 


0.1905 


1868 
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1794 


1758 


1722 


1686 


1651 


1616 


1681 


1646 


1512 
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1904 


1867 


1830 


1794 


1757 


1721 


1686 


1660 


1615 


1680 


1646 


1611 
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7 


1904 


1867 
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14 
15 


n 


8.0319 


9293 


9267 


9242 


9216 


9191 


0166 


0141 


0116 


0091 


0062 


0042 


0018 


16 


9819 


9298 


9267 


.9241 


9216 


9191 


0166 


0141 


0116 


9991 


0066 


0042 


0018 


16 


17 


0318 


9292 


M67 


9241 


9216 


9199 


0166 


0140 


0115 


9991 


0066 


0042 


0017 


17 


18 


0318 


9292 


9266 


9241 


9215 


9199 


0166 


0140 


0116 


9990 


0066 


0041 


0017 


18 


19 


0317 


9291 


9266 


9249 
0240 


9216 


9189 


0164 


0139 


0114 


9099 


0065 


0041 


0017 


19 
29 


20 


0.0817 


9291 


9265 


9214 


0189 


0164 


0139 


0114 


0080 


0065 


0040 


0016 


21 


0316 


9291 


9265 


0239 


0214 


0189 


0163 


0139 


0114 


0089 


0064 


0040 


0016 


21 


22 


0810 


9299 


9264 


9239 


0213 


9188 


9163 


0138 


i)113 


0089 


0064 


0040 


0015 


22 


28 


0316 


9299 


9264 


9238 


9213 


9188 


9163 


0L38 


0113 


9088 


0064 


0039 


0015 


23 


24 
28 


9815 


9280 


9264 


9288 


9213 


0187 


9162 


9187 


0112 


0088 


0063 


9939 


0015 


24 
25 


0.0815 


9289 


9263 


9238 


9212 


0187 


0162 


0U7 


0112 


0087 


0068 


9038 


0014 


26 


0314 


9288 


9263 


9237 


9212 


0187 


0161 


0136 


0112 


0087 


0062 


0088 


0014 


26 


27 


0314 


9288 


9262 


9237 


9211 


0186 


9161 


0136 


0111 


0087 


00621 


0088 


0013 


27 


28 


.0818 


9288 


9962 


9236 


9211 


0186 


9161 


0136 


0111 


0086 


0062 


0037 


0013 


28 


29 
30 


9313 


0287 


9261 


9236 


0211 


0186 


0160 


0136 


0110 


0086 


0061 


0037 


0012 


29 
30 


0.0318 


9287 


0261 


9235 


0210 


0186 


0160 


0135 


0110 


0085 


0061 


0036 


0012 


31 


0312 


9286 


0261 


0236 


0210 


0184 


0169 


0134 


0110 


0085 


0060 


0036 


001k 


31 


32 


0312 


9286 


0260 


0235 


0209 


0184 


9169 


0134 


0109 


0084 


0060 


0036 


0011 


32 


33 


0311 


9285 


0260 


0234 


9299 


0184 


0168 


0134 


9199 


0084 


0060 


0035 


0011 


33 


81 


0311 


9285 


0869 


0234 


0298 


0188 


0168 


0133 


9108 


0084 


0059 


0035 


0010 


34 
35 


0.0310 


0285 


02oU 


02^3 


0208 


0183 


0168 


0133 


01U8 


0083 


0059 


0034 


0010 


30 


0310 


0284 


025b 


0233 


0208 


0182 


0157 


0132 


0107 


0083 


0058 


0084 


0010 


36 


37 


0310 


0284 


0258 


0233 


0207 


0182 


0157 


0132 


0107 


0082 


0058 


0034 


0009 


37 


38 


9d9<J 


0283 


0258 


0232 


0207 


0181 


0156 


0131 


0107 


0082 


0057 


0033 


0009 


38 


30 


9309 


0283 


^^7 


0282 


0206 


0181 


0166 


0131 


0106 
0106 


0082^ 
0081 


0057 


0033 


0008 


39 


40 


0.9308 


0282 


0267 


0231 


0206 


0181 


0156 


0131 


0057 


0032 


0008 


40 


41 


9398 


0282 


0266 


0281 


0205 


0180 


0155 


0130 


0105 


0081 


0056 


0032 


0008 


41 


42 


9307 


0282 


0256 


9230 


0205 


0180 


0156 


0130 


0105 


0080 


0056 


0031 


0007 


42 


48 


0307 


0281 


0265 


0230 


0205 


0179 


0154 


0129 


0105 


0080 


0055 


0031 


0007 


43 


44 


0807 


0281 


0266 


0230 


9204 


9179 


01^ 


0129 


0104 


0080 


0056 


0031 


0006 


44 


45 


0.0306 


0280 


0255 


0229 


0204 


0179 


0153 


0129 


0104 


0079 


0055 


0030 


0006 


46 


46 


0806 


0280 


0254 


0229 


0203 


0178 


0163 


0128 


0103 


0079 


0054 


0030 


0006 


46 


47 


0305 


0279 


0254 


0228 


0203 


0178 


0153 


0128 


0103 


0078 


0054 


0029 


0005 


47 


48 


0305 


0279 


0253 


0228 


0202 


0177 


0152 


0127 


0103 


0078 


0053 


0029 


0006 


48 


40 
50 


9394 


0279 


0268 


0227 


0202 


0177 


0162 


0127 


0102 


0077 


0053 


0029 


0004 


49 
50 


0,0804 


0278 


0262 


0227 


0202 


0176 


0151 


012G 


0102 


0077 


0053 


0C28 


0004 


51 


0304 


0278 


9262 


0227 


0201 


0176 


0151 


0126 


0101 


0077 


0052 


0028 


0004 


61 


52 


9393 


0277 


9252 


0226 


0201 


0176 


0161 


0120 


0101 


0076 


0052 


0027 


0003 


62 


53 


0803 


0277 


0261 


0226 


9299 


0175 


0160 


0125 


0100 


0076 


0051 


0027 


0003 


63 , 


54 


0802 


0276 


0261 


0^6 


0209 


0176 


0150 


0126 


0100 


0075 


0051 


0027 


0002 


64 
65 


55 


0.0302 


0260 


0225 


0200 


0174 


0149 


0124 


OlOu 


0075 


0051 


0026 


0002 


68 


0301 


0276 


0260 


0224 


0199 


0174 


0149 


0124 


0099 


0075 


0050 


0026 


0002 


66 


57 


0801 


0275 


0260 


9224 


9199 


0174 


9148 


0124 


0099 


0074 


0050 


0025 


0001 


67 


68 


0800 


0275 


0249 


9224 


9198 


0173 


0148 


0123 


0098 


0074 


0049 


0025 


0001 


68 


69 


0899 


9274 


0240 


0228 


9198 


0173 


0148 


0123 


9098 


0078 


0049 


0025 


0009 


69 


\i 47 


2 48 


12 4d 


b 69 


k 61 


12 m 


b 6d 


Is 641 


b 66l 


b 661 


b 871 


|2 68] 
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PIRECTIONS FOR ACQUIJRIKG A KNOWLBBOB 

PRINCIPAL FIXED STARS. 



INTRODUCTORY REMARKS. 

1.--THE fixed Stars are so called from their appearing to 
retain the same posdtions mtk respect to each other. Some of the 
Stars have indeed been observed to change their relative places; but 
this chaiue^ which is called the Proper Motion of the Stars, is very 
slow, ana could not be perceived, without instrum^dts, in a period ci 
more than a thousand years. 

2. — The distance of the fixed Stars from the Earth Is so great, 
that no method has yet been found by which the distance of any of 
them can be astertained ; but It is known, that the nearest fixed Star 
is at least 80,000 times more distant than the Sun, whose distance 
from the Earth is about ninety-five millions of miles.* Now as the 
Sun's Parallax^ that is the angle which the Semidiameter of the Eiuth 
would appear under to an eye in the Sun, is hardljr 9^ it Is plain that 
the Parallax of the fixed Stars, must be quite insensible. The immense 
distance of the Stars is no doubt also the cause of their appearing to 
have no sensible magnitude, when viewed by meam of Telescopes of 
of the best construction. 

S. — ^There can be little doubt of the fixed Stars bdng Bodies of 
the same nature as the Sun, and that each Star has a system of Planets 
which derive light and heat from it; for it is not reasonable to suppose 
that Bodies of such macnitude as the fixed Stars, must be, were 
created merely to give a mint Jight to the Inhabitants of this Earth, 
and the other Planets belonging to the Solar System. Indeed the Stars 
visible to the naked eye are not a thousandth part of what may be seen 
through a good Telescope, the far greater part of which cannot be said 
to give light, or to be in any way useful to mankind. 

" 4. — The Stars that appear brightest to us are called Stars of the 
first Magnitude ; the next in l^igbtnesft, £tars of the seccmd Magni* 
tude, and so on, till ^hose that can ju^t be seen with the naked eye, 
which are called Stars of the sixth Maanit^de; and the Stars that can 
only be seen with the sussistanoc^f a Telescope, are called Telesct^^ 
Stars. Those parts -^ the Heavens that have the appearance of 
whitish clouds to U^e eye, are foiind to be collections of Telescopic 
Stars : these clusters are called N^ulas. The MUky Way'va the most 

* Sec Briikley*« Elementi of Astranoiny, page iV, secofid Edittoa 
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conspicuous and extensive Nebula, and the next is the Magellanic 
Clouds. The latter can only be seen in Southern Latitudes, or in 
places a few degrees North of the Equator. 

5. — The number of Stars visible to the naked eye, is far from 
being so great, as is generally imagined by those who have not paid 
attention to this subject. It is very seldom that more than one thou- 
sand Stars can be seen at a time. The number of Stars of the first 
magnitude is only about twenty, and the Stars of the second magnitude 
amount only to about fifty, in all parts of the Heavens. It is there- 
fore far from being difficult to obtdin a knowledge of the principal 
Stars. 

6. — Some Stars disappear at times, and after remaining invi- 
sible during a certain interval, again make their appearance, in the 
same place as before: these are called Periodical Stars, Others 
are observed to be brighter at certain times than they are at other 
times, but never disappear altogether : these are termed Variable 
Stars. It is very probable that the Phenomena of the Periodical and 
Variable Stars arise from the motion of the Stars on their axis, and 
from some of them shewing more light from one side than from the 
other. 

7. — Several of the Stars that appear single to the naked eye, 
are found, when viewed through a telescope, to consist of two and 
some of three or four Stars : these are called Double, Treble, &c. Stars. 
It is probable that the Stars forming these are at great distances from 
each other, and that the reason of their appearing to us to be so near 
each other, is from the Stars being nearly in the same line when seen 
from the Earth. . 

8. — It has been found convenient to divide the Stars into groups 
called Constellations ; to each of which is given the name of some 
celebrated man, or of sotne animal or other terrestrial object. Many 
of the principal Stars have also particular names, but as it would only 
create confusion to have a name, even, for every Star visible to the naked 
eycj Astronomers distinguish the Stars as follows : the first letter of 
the Greek alphabet being attached to the name of any Constellation 
points out the brightest Star in that Constellation ; the second letter the 
next in brightness, and so on. When the number of J^itars in a Con- 
stellation exceeds the number of letters in the Greek alphabet, the 
letters of the Italic alphabet are next used, then those of the Roman 
alphabet, if required : and when the number of Stars is greater than 
the number of letters in these three alphabets, the remaining Stars are 
distinguished by means of the common numericals. 

9. — An im^iginary Circle in the Heavens, or Celestial Sphere, 
coinciding with the Equator, is called the Equinoctial, and that 
which coincides with the orbit or patJi in which the Earth moves in its 
revolution round the Sun, is called the Ecliptic. The Equinoctial 
and Ecliptic cross or cut each other in opposite points, making angles 
of about 23J** at those points, and their distance from each other when 
greatest, that is at 90° from the points where the Circles cross each 
other is equal to the Angle at either of the Points, or 2SJ^ 

10. — The Poles of the Equinoctial are two opposite points in the 
Celestial Sphere. 90° distant from every part of the Equinoctial Circle; 
and the Poles of the Ecliptic are two Points in the Celestial Sphere, 
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90® distant from every part of the Ecliptic. Hence the Poles of the 
Equinoctial and Ecliptic are 2t3 J° distant from each other. 

] 1. — The distance of a Star from the Equinoctial is called its 
Declination, and the Latitxjde of a Star is its distance from the 
Ecliptic. The Longitudes «and Right Ascensions of the Stars are 
reckoned Eastward from the Vernal Equinox, that is, from the Point 
where the Sun's Centre crosses the Equinoctial about the 20th of 
March, the right ascension being measured by an Arch of the Equi- 
noctial, contained between the Vernal Equinox, and the Point where a 
great Circle passing through the Pole of the Equinoctial and the given 
Star, cuts the Equinoctial; and the Longitude, by an Arch of the 
Ecliptic, contained between the Vernal Equinox, and the Point where 
a great Circle passing through the Pole of the Ecliptic and the Star, 
cuts the Ecliptic ; therefore, the Longitude or Right Ascension of a 
Star may be any Arch less than 360**, but neither the Declination nor 
Latitude of a Star, can exceed 90°. The Right Ascension of any 
object i« generally given in time, at the rate of one hour to fifteen de- 
grees, this bein^ most convenient for general purposes. The practical 
Navigator requires only to know the Right Ascension and Declination 
of a Star, for the purpose of deducing the Latitude, or Time, from its 
AJtitude. 

12. — The Zodiac is an imaginary Zone or Belt in the Heavens, 
extending 8° on each Side of the Ecliptic, quite round the Celestial 
Sphere, and contains the Orbits or Ecliptics of the Planets.* There 
are twelve Constellations in the Zodiac, which have the same names as 
the twelve spaces, called the Signs of the Zodiac, each of which occu- 
pies 30® along the Ecliptic. Formerly the Constellations were actually 
contained in these Spaces or Signs ; but at present, each Constellation 
is nearly one sign more to the Eastward, with respect to the Signs of the 
Zodiac, that is, the first Constellation, is now in the Second Sign, and 
so on. This is occasioned by a slow change in the direction of the 
Earth''s axis, with respect to the fixed Stars, which causes the Plane 
of the Equinoctial to change its position, whilst that of the Ecliptic re- 
mains fixed, or very nearly so. Hence arise the Precession of the 
Equinoxes, and the Variations in the Longitudes* Right Ascensions, and 
Declinations of the fixed Stars. 

The number of Constellations in the Heavens, is about one 
hundred. The following List is mostly copied from Mackay^s work 
on the Longitude. 

Constellations and Signs in the Zodiac. 



Latin Names, 


English Names. 


Latin Names. 


English Names. 




Characters. 




Charaeiersb 


1 Aries 


The Ram V 


7 Libra 


The Balance ^ 


2 Taurus 


The Bull « 


8 Scorpio 


The Scorpion nx 


3 Gemini 


The Twins n 


9 Sagittarius 


The Archer t 


5 Cancer 


The Crab 23 


1 Capricornus The Goat ^f 


4 Leo 


The Lion SI 


1 1 Aquarius 


The Water Bearer :x; 


6 Virgo 


The Virgin ^ 


12 Pisces 


The Fishes X 



^ The Orbits of some of the lately discovered Planets are not contained \vithiD the Zodiac 
These Planets are very small, and can only be seen by means of a good Telescope. 



CoNftTBLULTIOllS IN S^HB NORTHERN HeHISPHBRR. 



iMtinNamei. 

1 Unm Minor, 
dUnaMaior, 
S Draco, 

4 Cepbeof. 

5 Bootes. 

6 Corona Bovealis, 

7 Hercolea, 

8 Lyra, 

9 Cygnm, 

10 Cassiopeia 

11 Persons. 
13 Anr«a, 

13 Seipentarins. 

14 Serpens, 
ISSagkta, 

16 Aqmla, 

17 Antinoos. 

18 Delphinos, 
U'Equeus, 
90 Fegasns, 



Tlie Little Bear. 
The Great Bear. 
The Dragon. 

Hie Norliieni Crown. 

The Harp. 
The Swan. 



The Waggoner. 

The Serpent 
The Arrow. 
The Eagle. 

Hie Dolphin. 
The Horse Head. 
The Flying He 



LtHn Name$» 

SI Andromeda. 

S3 Tria^pUom 

33 Coma Berenices, 

34 Csmelopardalns, 

35 Moooceros, 

36 Triangolom Mmns, 

37 Lynx, 

28 Leo Minor, 

39 Asterion et Cbara, 

30 Cerbems, 

31 Vnlpeoola et Anser, 
33 Scotam Sobieski, 

33 Laoerte, 

34 M<His Buenahis, 

35 CorCaroli, 

36 Renne, 

37 THmros Regalis, 

38 Fkiedrick's Ehre, 
89 Tobos Heracheli, 

Mitfos 



EHgUakNamet. 

liorthem Trun^lie. 
Berenice's Hair. 
The Camelopard. 
The Unicom. 
The Little Triangle. 
The Lynx. 
The Little Lion. 
The Greyhoonda. 

The Fox and Goose* 
Sobieski's Shield. 
The Lizard. 
Mountain of Arcadia. 
Charles' Heart 
The Rein Deer. 
The Royal BdL 
Fiederickti OlofT. 
Herschel's Great 
Telescope. 



Constellations in the Southern Hemisphere. 



I'Cetmi, 
3 Orion. 

3 Eridanos, 

4 Lepos, 

6 Canis M%jor, 

6 Canis Minor, 

7 Argo Navis* 

8 Hydra, 

9 Crater, 

10 Corvus, 

11 Centaams, 
i3 Lapos, 

13 Ara, 

14 Corona Anstralis, 

15 Pisces Anstralis, 

16 Columba Noaclii, 

17 Robor CaroUnmn, 

18 Gms, 

19 Phoenix, 
90 Indas, 
31 Pavo, 

33 Avislndica, 

33 Musca, 

34 Cnn, 



The Whale. 

The River Eridamn. 
The Hare. 
The Great Dog. 
The LatdeBog, 
The Ship Aiga 
Tlie Hydra. 
The Cop. 
The Crow. 
The Centaur. 
The Wolf 
The Altar. 
Southern Crown. 
Southern Fish. 
Noah's Dove. 
The Royal Oak. 
Tlie Crane. 
The Phenix. 
The Indian. 
The Peacock. 
(Bird of Paradise. 
The Fly. 
TIm Cross. 






EngUthNmBet, 



35 CiManelioa, The Chameleon.' 

36 Triangulum Australis, Southern Triangle 

Off i>: ir^i- wiL^ isi • i3c_c 



87 Pisces Volans, 

88 Dorado, 
39 Toucan, 

30 Hydrus, 

31 Sextans, 
33 Apparatus Scniptoris. 

33 Fornax Chimin, 

34 Hetolariuffi, 

35 Reticulus. 

36 Cselam Scalptorium, 

37 Eqaulens iHctoris, 

38 Pyxis Nautica, 

39 Andia Pneumatica> 

40 Octans, 

41 Circinus, 
43 Norma, 

43 Telescopium, 

44 Microseopinm, 

45 Mons MenssB, 

46 Solitaire, 

47 PsalteriumGeorgianum, Georgian Fnltery 

48 Tubus Herschelii Minor,, Herschel's Small 

Telescope. 



The Flying Pish. 
The Sword Fish. 
The American Goose 
The Water Snake. 
The Sextant 

Chemical Furnace. 
The Clock. 

The Graving TooU 
The Painter's Easel 
Mariner's Compass. 
The Air Pump. 
Hadley's Quadrant 
Pair of Compasses. 
Square and Rule. 
The Telescope. 
The Microscope. 
Table Mountun. 
The Indian Bint 



Several of these Constellations) as is evident from their oaniotf,, 
have been formed of late ycars^ partly from llic Stars lying between 
the ancient Constellations, and partly from some of the more remote 
Stars, which formerly belonged to the old Constellations. In general 
the new Constelbtions are smaller, and contain fewer Stars than tlie 
old ones. The numbers prefixed to the Zodiacal Constellations, shew 
the order in which they, as well as the Signs of the Zodiac, are placed. 
The Numbers of the other Constellationi are prefixed merely for the 
sake of reference. 

It has been before remarked, that the Stars in the respective Con- 
steUotiuiisare represented by the letters m the Greek alphabet; the 
Ixightest Star being represented by the first letter, and so on. It 
may therefore be useful to ^ve some of the first letters of that alpha- 
bet with their tuaneB or sounds in English. 





Letters. 


Names. 




Letlen. 


Names. 


1 


A 


Alpha 


6 


?orf 


Zeta. 


2 


fi 


Beta 


7 


« 


Eta 


9 


7 


Gamma 


8 


dor d 


Theta 


♦ 


» 


Delta 


9 


1 


Iota 


5 


• 


Epdion 


10 


X 


Kappa 



These lettem will be sufficient to disdnsuish the principal fixed 
Stars. In the following directions, and in Table I, the tetter for any 
Star is merely attached to the Name of the Constellation. Thus, 
AUUharan is marked a Taurtts^ and FoUux, fi Geminu It may, how- 
ever, be observed, that the proper designation of these Stars ia 
a Tauri and fi Geminorum: the meaning being a in Taurus, fi in Gre« 
mini, and the same may be understood of the others. 

The distances between the Stars which are given in the following^ 
directions, are to the nearest half degree, and may be readily mea* 
sured with a Quadrant oi; Sextant.* 

The Bearing is the Azimuth Circle which a Star is in, when the 
Star from which the Bearing is given is in the Zenith : from this Bear- 
ing, the direction between the two Stars is easily estimated at 
any other time. The Stars are distinguished in the usual Astronomical 
method ; that is, by ^ving the name of the Constellation in which a 
Star is situated, with the Greek letter which marks the ^iven Star pre* 
fixed, and when the Star has a proper nanie, such as Aldebaran, Cas- 
tor, &c. it is also given. The Names of the Stars used in the Nautical 
Almanack for finding the Lon^tude by Lunar Observations, are 
printed in small Capitals, the Names of the others in Italics. The 
number included in a Parenthesis after the name of a Star, refers to 
the magnitude of the Star. Thus Siritis (I) signifies that Sirius is 
of the first magnitude: and « Aquilce or Attair (I, S) means that this 
Star is between the first and second magnitudes. 

As the Pleiades or Seven Stars are almost universally known, and 
taXi be seen in all parts of the habitable Globe, we shall commence at 
this point, and first give directions for knowing die principal Stars in 

* Tbe InstniMeDt, called a Cross Staff* which was (brmerlv used id ohserviug Altitndes at 
Sea, wiuald measwe Um angular distanca betvrcen two Stars witii tuffictent exactness for what la- 
stoqiilredliere. 



C-it 



and near the Zodiac, next for the Stars in the Northern Hemisphere, 
and lastly for those in the Southern Hemisphere. 



DiRBCTIONS FOll FINDING THE PRINCIPAL FiXED StARS IN AND 

NEAR THE ZoDIAC. 

The PleiadeSf or Seven Siars^ are in the Constellation Taurus, 
their declination is about 9!i\^ N. and they pass the meridian a few 
minutes before 9 P.M. on the first day of the year. Nearly S.E.by E. 
from the Pleiades, at tiie distance of l4°,i8«Tfliirus,orALDEBAEAN(l): 
this Star, which is senieiimes called the Bull's Eye, has a reddish ap- 
pearance, and is very easily known. Nearly in a line from the Pleia- . 
des, through Aldebaran, at the distance of 16^ from the latter, is 
ft Orion, or Bellatrix (2): about 7i° East, a little Northerly from Bel- 
latrix, is « Orion, or Betefffiise (I) : this Star has a reddish appearance 
nearly like Aldebaran. About 9 J^S. W. of Betelguse are three Stars of 
the second magnitude, nearly in the same line with each other : these 
Stars are in the Belt of Orion. Nearly in a line from Betelguse, through 
the middle Star in the Belt of Orion, and at the distance of 9° from 
the Belt, is /5 Orion, or Ri^el ( J) : 8i° E. J S. from Rigel, and m a 
line from Bcllatrix through the Northern part of Orion^s Belt, is 
« Oiion (^,3). Bellatria^ Betelguse, Rigel, and « Orion, form a tra- 
pezium round Orion^s Belt, which is sometimes called the Square 
of Orion. 

Nearly in the same line with Pleiades and Orion's Belt, and about 
21|o S.E. of the Southern Star of the Belt, is « Canis Major, or 
Sirius (1): this Star is often called the Dog Star; it is the brightest 
fixed Star in the Heavens. About 26° nearly East of Betelguse, and 
nearly the same distance N.E. of Sirius, is « Canis Minor, or Pro- 
cyon (1,2). Sirius, Betelguse, and Procyon form nearly an Equila- 
teral Triangle. A line from Rigel through the middle of Orion's Belt 
will point out a Gemini or Castor (1), the distance between Rigel and 
Castor being about 53°: 4{° to the S.E. of Castor, is /3 Gemini or 
Pollux (1) : this Star passes the meridian about eleven minutes after 
Ca>stor, and about 4| minutes after Pnxyon, 

At the distance of 37§° from Procyon, and nearly in a line with 
it and the Southern Star in Orion''s Belt, is a Leo or Regulus (1)j 
and nearly in the same line, at the distance of 24^^ E. b. N. from Re- 
GULUs, is /S Leo or Deneb (2): about 65^° EN.E. from Deneb, or a 
little North of a line from Regulus through Deneb, is u Bootes or 
Jrcturus (I) : about 33® S.S.W. of Arcturus, and 85° S.E. of Deneb, 
IS a Virgo or Spica (1). Deneb, Arcturus, and Spica form nearly an 
Equilateral Triangle, and nearly in the Centre of this Triangle is 
f Virgo or Vindemiatrix (2, 3). 

Nearly in a line from Regulus, through Spica, at the distance 
rf46j® from the latter, is « Scorpio, or Ant ares (I): this Star has a 
reddish appearance, like Aldebaran, ox Betelguse, A little North 
of a line joining Spica and Ant ares, and about 21® from Spica, is 
m Libra, or Zubensech (2, 3): this is a double Star^ about 9®.N. E. of 
Zubenesch, is /3 Libra, or Zubenelg (2,3). At the distance of 60* 
N. £. b. B. from Antares^ is » Aquila, or Alt air : this Star may aW 



be known by its being 100° E. b.N. from SpicA, and a little North of 
a line from Spica» through Zitbenelg^ and by its being situated in the 
Southern border pf the Milky Way, considerably distant from any 
other bright Star. 

About 14° N.E.b. E. of Altair, are four Stars of the third or 
fourth magnitude, in the constellation Delphinus : these four Stars are 
very near each other, and form a kind of lozenge or diamond figure* 
A line from Altair through this figure, at the distance of 49° from 
Altair, will point out /? Pegasus, or SchecU (2). 14° East of Scheat, 
is a Andromeda, or Jlpheratz (2). 14° South, a little Westerly from 
Aiplieratz^ is y Pegasus, or Algenib (2). 17° nearly West of Algenih, 
4ind 13° South of Scheai, is a, Pegasus or Marcab (2). Scheat^ Al- 
pheratz^ Algenib^ and Marcab, form what is generally called the 
Square of the Pegasus, or the Flying Horse; &fARCAB being in the 
S.W. Corner of the Square. 

A line from Scheat, through Marcab, being produced to the dis- 
tance of 44° from the latter Star, will point out » Pisces Australis, or 
Fomalhaut (1). Altair, Marcab, and Fomalhaut form nearly a 
xight angled triangle, the right angle being at Marcab. Nearly in a 
line joining Marcab and the Pleiades, and about 23° West of the 
latter, is « Aries, or Aribtis (2. 3). Arietis may also be known by 
being a little to the S.W. of a Une from Betekuse through Aldebaran, 
its distance from the latter Star beingv6i°. About 4° S.W. 
b. W. from Arietis, is /5 Aries (3). 53 J *^ S.E.b.S. from Arietis, 
and a little North of a line from Betelguse through Beilatrtx^ at 
the distance of 36° from the latter Star, is » Cetus, or Menkar (2). 
Menhar may also be known by being in a line with Rigel and Algeniby 
and rather nearer to Rigel than to Algenib* About 6° W.S.W. of 
Menkar J is y Cetus (3). 



Directions for knowing the Principal Fixed Stars in the. 

Northern Hemisphere. 

The Pole Star^ or » Ursa Minor ^ is very generally known : this 
Star it between the second and third magnitudei, ai^a is situated in 
the point of the tail of the Little Bear. A line from Procyon through 
Castor^ will nearly fall into the Pole Star^ at the distance of 68° from 
Castor. 

The most conspicuous Constellation near the North Pole, is Ursa 
Major, or the Great Bear ; there are seven bright Stars in this Constel- 
lation, between the first and third magnitudes. When these Stars are 
near the meridian, above the Pole, the four Western Stars form a 
trapezium, and because a line through the two Stars farthest to the 
Westward will nearly fall into the Pole Star^ they are called the 
Pointers, The northern pointer, is « Ursa Major, or Dubhe (2. 1); 
and the southern pointer, or that farthest from the Pole Star, is 
/S Ursa Major (2). The most northern of the two Eastern Stars of the 
Trapezium, is ^ Ursa Major, and the other is y. These four 
Stars are in the Body of the Great Bear. The three remaining 
Stars are in the Tail; that next the Body is e Ursa Maior, or Alioth 
(2, S) ; the next to this, is {, or Alcor (2, 3) ; ana the one ia 
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die poiiit of the tail, is n, or Bmetnach (2,3). The s^ven most 
conspicuous Stars in Ursa Minor form a figure, which has a great re- 
semblance to that formed by the seven Stars already descnbed in 
Ursa Major ; » Ursa Minor, or the Pole Star, being, as before <4>- 
served, in the point of the tail. 

A line from Riff el to the Pole Star will nearly intersect a Auriga, 
or Capella (I). This Star is 4df<» from the Pole Slar^ and 54^ from 
Rigeh Capella may also be known by its being in a line from Menkar 
through the Pleiades^ and about 98*^ to the N.E. of that duster. 
About 7J° E. b. S. from Capella, is B Auriga (2, 3). 

Nearly in a line between Benetnach, the Star in the point of tiie 
tail of the Great Bear, and Deneb^ in the tail of the Lion, is » Cor 
Caroli (8). This Star is about 28° from Deneb, and 14 f® from Bene4' 
nach. A little East of a line joining a Cor Caroli and Deneb, is the 
Nebulous Constellation of Coma Berenices. 

About 26|° from the Pole Star^ and nearly in a line joining it and 
Arcturus, is » Draco (2,8). About I9°E.N.E. of ArduruSy and 
nearly in a line with Dublie and Alcor^ is a Corona Borealis, or Al- 
pTiacca (2). Alphacca and seven other Stars of the 4th and 5th mag- 
nitudes, form a circular figure, whidi is very easily distinguished : 
these eiffht Stars are all in the Constellation of the Northern Crown. 

A line from Arcturus through the northern part of the circular 
figure in the Northern Crown, will point out a Lyra, or Vega (I); the 
distance between Jrcturue and Vega being 59°. About J«4° E.N.E. 
of Fega, is a Cygnus, or Arided (2. 1).# Vegay Arided, and A lt air, 
form nearly a right angled triangle, the right angle being at Vegn. 
AxTAiii is about 34i® from Vega^ and 38° from Arided. 

About 18° N.N.E. from Arided, is a Cepheus, or Alderamin 
(3) ; and 20^° £. b. N. frt)m Alderamin, is /? Cassiopeia (2, 3) : this 
Star, Scheat, and Arided, form nearly an equilateral triangle, the side 
of which is about 33|°. At the distance of 5° nearly East of S Cassio- 
peia, is a Cassiopeia, or Scliedar (2, 3). Some of the Stars in the 
Constellation of Cassiopeia form a figure which resembles a chair. 

A line from Alioth (the Star in the tail of the Great Bear, which 
is nearest to the body) through the Pole Star, being continued, will 
pass through the midale of the Constellation of Cassiopeia : the prin- 
cipal Stars in this Constellation are nearly at the same distance from 
the Pole Star as those of the Great Bear, 

Nearly in a line with Schedar and $ Cassiopeia, at the distance of 
19J*^ from Scliedar, is y Andromeda, or Jlmaach(2); and about 13® 
W.S. W. of Almaacfi, is /3 Andromeda, or Mirach (2) : this Star, 
with ff Cassiopeia and Almaac/i, forms nearly a right angled triangle, 
the right angle being at Almaach. 

About 12° E.S.E. from Almaach, is /3 Perseus, or Algol: this ts 
one of the most remarkable of the Variable Stars, it being when 
brightest of the second magnitude, and when least bright only of the 
fourth. About 9i° N.N.E. of Algol, is a Perseus, or Alpnib (2): 
this Star may also be known by teing nearly in a line with Pollux 
and CapvUa, and about 19° to the VV.N.W. of the latter., 

* This Star is often called Bench, ai well as Arided ; we Iiaye chosen the latter Mine, in 
«rder to distingaish it from Deneb in the tail of the Kon. 



OlSaCTIOM 70ft FINDIIIO THE PRINCIPAL FiXBD StAHS IN THE 

' SoUTHfiUN HEliIS!PH£nE. ^ - 

A little West of a line from Aldebaran through Rigef^ at the 
distance of 46|° from the latter Star, is m Argo Navis, ot Canopus (1) : 
thb is a very bright Star, and may also be known by its bein^ a little 
Efbst of a line frooi Castor through Siri^Sy and about SJk"* nearly 
Soutfi'of the latter Star. About 20^ N.N.W. of Canoptis, is * Co- 
himba Noachi (2). ; ^ . 

In a line from Betelguse through Sirius^ and about 73° from the 
latter Star, are foyr Jbright Stars,^ forming the Constellation called 
Crux, or the Crbss. The Sttt*s in th& Constellation are* disposed as fol- 
lows: « (I) is. the moat southern Star, and is in the foot c^ the Cross; 
/9(1.2) is in the Eastern arm; y (2) in the head, and >(3) in the 
Western aras^* About 12** E.N.E. of » Crux, is & C<»ntaux:us (1), and 
6* East of this Staf , is « Centaurus ( !>.♦ = 

About 4^ East, a little Northerly from a Centaurus, and 52® 
S.b.E. of Antares, is « Pavo (2). About 40° East of « Pavo, and 
39°S.E. b. S. of FoMALHAUT, is •Eridanus, or Acfiemar; these 
three Stars form nearly an Equilateral triangle. 

A line frppi Castor through Pollux, will point out a Hydra, or 
Atnhayci (^ ; thfsiStiir Being d&Qt 44^ iii the S. E. o^ Pollux; and 2So 
S.S.W. of RbOulus. Procyon^ Alphardy and Regul^s form nearly a 
right angled triangle, the right angle being at AlpKard. 



On finding the Latitude by the Fixed SHAk^. 



f y 



The^Jbest times for observing the Altitude of a Star, is during 
the likiming or evening twilight, or when there is ikioonlight ; the 
horizctei bein^ itlorb diitioot at the^ times than it is whi^il th^ night is 
dark.^ A-Jktte practice will, however, enable a person\6 take the Alti- 
tude of a St^V 'with sufficient accUrSu^y,' for nautical purposed, during 
any tolerably clear night. 

When observing the Altitude of a Star by the common Quadrant, 
the horizon will be better seen if the si^ht vane be turned horizontally, 
fMd flie si^rht directed 6v(^f it, insteiad of through the bole. - 



f It'>"r» './>-t ■»<■- I ft l-y-i* 



Tojind the Uttitude by the Meridian Altitude rf a Fixed Star. 

RULE. 

1 . From the Observed Altitude of the Star subtract the Correction 
from Table III. the remainder will be the true Altitude, which being 
subtracted from 90% will giv^ the Starts Zenith Distance, which is to 
be called North or South, according as the observer is North or South 
of the Star when its Altitude is observed. 

* tt mast be obsenred, (hat when circnmpolar Stars are near the meridian beloW (he T^, 
tkfi hMiringr or direcfioa between the Stars appears te be reversed : thas the pointen to the Kori^ 
Pole Star, which are the two western of the seven bright Stars in the Great Bear, appear to be 
to the eastward of the others, when that constellation is near the meridian below toe Pole 

2C 
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2. Find the Declination of the Star by Table I. Then if the 

Zenith Distance and Declination be both North, or both South, add 

them together, the sum will be the Latitude, of the same Name with 

the Dechnation ; but if one be North and the other South, their d|^ 

Jerence will be the Latitude, of the same Name with the greater. 

EXAMPLE L 

In 1894, the observed meridian altitude of, Sirius^ South of the 
Observer, being 37° 49 , and height of the eye 16 feet, required the 
Latitude ? 

i 

Observed ultitade of Sirins 87049* .a 

IiiTta>leIILiiiiderl6feetandoppoMte40OiB. . — 5 .0 

True altHadc of Sinos 37 44 .0 

Zenith distance 58 16 .ON 

DecUnation of Sirins in 1834 - 16 38 .88 

Latitnde 86 47 .2 N 

EXAMPLE II. 

In May 1829, required the Latitude where the observed meridian 
altitude of Arcturus, south of the observer, is 63o 24', the height of 
the eye being 18 feet ? 

Observed altitude of Arctoms 63024' .0 

Correction from Table III. - -- .----4.8 

Star's true altitude 63 19J2 

^ ,90 

Star's zenith distance ..--.,- r - * .-.-,. 2640 .8N 
Anf Va^iy' x'bi"^ '^ ^^* ^ l' If ^ } ^^^ in Mny 1S2» 30 4 .5 N 
Latitude 46 45 .3N 

EXAMPLE lU. 

In 1826y the meridiaA altitude o{ Canppus, south of the ob- 
server^ being 69^ 61', height of the eye 12 feet, required the Latitude ? 

Star's observed altitude --..----- 69061' .0 
Correction from Table III. — 3 .7 

Star's true altitude 69 47 3 

' Star's Zenith distance 20 12 .7N 

Declbation of Canopus in 1826 62,35 .i)S 

Latitude 32 2» .5S 

When the ahitude of a Star is observed on the meridian billow 
the Pole, the l^atitude is found by adding together the Star's true alti- 
tude and its polar distance. The Latitude will, in this case, be always 
of the same Kame with the declination of the Star. 



In 1885.' th6 Altitude of y Draco, or Raslaban, observed on the 
meridian, below the Pol^ being 14" 1 1', and the height of the eye 
12 feet : required the Latitude ? ' 

Obtcrred sititadc oT Biulabait 14° II'.O 

CocrectiinifranilUiltlll. - - -■ 7.] 

Star's true altitude H 3.9 

90— el°30'.8 IlieSUr'fiMlii.ZtStar^poUrdialBnce • 38 39.9 

Latitada - - - 62 33.1.N 

■ ThS rime of a Star's passing the meridian, below the Pole, is 
]]h,58m. different from ine time when it passes the opposite meri>-' 
dian ; therefore I Ih. 58m. being subtracted from the time of a Star's 
passhfig the meridian, as found b 7 Tables I. and II., the remainder 
will '^hew . the time of the pVfceiwg transit below the Pale, or if 
Ilh. S8itt. he added to the time given by Tables 1. and II. the sum 
will be the time of iheJbUomng transit below the Pole : 

To jind hke Latttede in the Norlhtni Hemisphere, by an AUttude of 
the -North Pok Star. : :: .! 



■.,.■',1, .. ■ : RULE. ,, ., ■.; ., !. ■ 

j_iL Find the time of the, Pole Star's passage, .oyer the meridian, by. 
Tables IV. and V^ ; sub^rapt this. time from the apparent timq at the, 
Ship,* increased by 24 hours, if necessary, the remainder will sliew the , 
time that the Polef^tar is past the Meridian, at the timeof obserration. , 



In Longitude 35° W. on the ISth March, 1824, at 8h. SOm. P.M. 
nautical time, the observed altitude of the Pole Star was 86° 30" \ 
height of the eye 18 ieet : required the Latitude ? 

■ Bt ■ppare'nt tins at the Ship,, la nmuttbe Hpniipnt aifcmoniiciil tinw, trbich is alwan 
S4 iiDDn hifbmA the nantical time. For einmiile, 5 P. M. on May 411i, by aantical time, 11 
6h. wMkTSd, b{ aetrDDOmicsl time i w 6 A.H May lOtb, DBoticdtime, iiltlL aiiUieStk 



It 



ObMrred altitiide of 0IP Pole ftur 36^ 

Conrection from TVa>le HI* -- — i 

Trae altitade of the Pole Star * . , 9^ » 

0* ID* 

Anp. aitioii. lime at ship, Jan. 17^ 8 30 
Pde Star paaaeamerid.OQ that day, 1 91 

Pole Star paitmeridiaii - • . - 7 31 Cerr. ia TaMe VI. add d 84 

Latitade 36 50 



EXAMPLE II. 

October 5th, 1829, at 10b. 98id. A. M. nautical dme, Longitude 
160° E. tbe observed altitude of the Pole StKr bang 29° 54ii height 
of tbe eye SO feet : required tbe La^t^de .^ ^ 

ObMrredaltitodeof^PpIel^, r ' -'^r ;%. - r ,• * .r v»i - 99^^ 
Correction frxm Tahle III*- ----^---•j------ ^ 



App.ailnm.timeatSli!p,4thOct - J .' W» ^ ' * ^^^ - -^ ^ ^' ' 
Pole Star pasies mer. place of obni. that day 13 19* 

Pole Star past the Mendian - 83 9 Coi^fromT^kyUiib. i 3ft, 

Latitode - - 38 S3 

If the apparent time at the ship be uncertmn, this method of find- 
ing the Latitude is liable to an error on that account; this error 
is, however, very small, when the PoIq gtar, is near the meridian, 
eitier above or'feeldw the Poles biit whc^ the Star iri;eithei* al^irt6, 
6t 19 boure p^t the meridian, 2 minutes of, error in the tiuie wlU 
cause nearly- ah error of 1 minute in tb6 Latitude. It tnaj also be. 
observed^ that the quantities in Table VI. answer to Sidereal Time;' 
but the dij^erence between the.time of the tjransit oS the. Pi»le, Star and 
the apparent time, at the Ship is' Solar Tune, it should xberelbre ber 
increased by 1 minute for every 6 hours. Thus, if the Pole Starrifi^ 
found to be 16b. ^9m« past the meridian, it should Jbe called i 6b; B^uul 
and so on. There are some other small corrections to be applied when 
the Latitude is required to the greatest nicety ;*|' but the Latitude, as 
found by the method here ffive«,r will seldom differ more than 1 or 2 
minutes from the truth, and is therefore sufficiently exact for common 
nautical purposes. c r: . . ' / >,. : r\ . r 

'^ To the time m Table 1^ 3 miaatea ftr^d^ior;the IiC(i«iMl#, tend ftiortfae >lfaifr ateri 
1834. See explanations of Tablet IV. and y 

i See .SCHmU€HER'a%li«iatm«f tiM PlaMtt, ind liYNNIiiMaf Tihkft 
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TABin h 



.1 > 



^. : V. 4 



JligAl AsmtUbns and OiSdMai^ vf thd^ PrindpdV Fiwed Stars. 
Jdapted io the beginfiinz pf the Year j8%4. 






»» 

!. 



c *. 



This t^I^ contidns the mean right ascensions and declinations 
of 61 Stars^ fo» the beginnings of the Year 1824 ; and by.m^ns of 
the annual viari^bhs; the righl ascension or declination of any of these 
Stars may be fouadiJSu;i30ii¥««^ aft^ iSH^, ^i^ sufficieiit aciduracy 
for naudcal purposes. 

EXAMPLE. 

Bequired the right ascension itnd declination of Al]>bba«an» 
about the.first of, Septepiber }827. 



,'r, .. "1 ' -' <■< -• . > - .-.J' 

R^iasc«i^iKWoCAldel^Wuatilvrhlg|injl«or;I^ 4 95* s6.»- 
' Annofd variatioD, 3f 4 X 3} = - n .• r -. i> -f 1^ &. 

Rigbtasoeiisionof Aldebaraiiatthebegm.QfSepi,1827 4 2^ 2J5 

b<clina(MQ.of ijWaiil^ai^tl^brfii^ • . W 9^ W^ 

Ahnbatiaiiaficm + 8^ ai = - - - - - ^ . . 4- » 



\ -ii 



.1 i 



Declination ofAldebarah at the begmning of Sept 1827 16 9 33 

No^e. — In this Table thei proper namM^ of tho-ttlutt from which the Moon's dutance is 
nren in the Nautical Almanac, wre j^nted in Capitals, and the naipes of the others in Italics. 
The Greek letter, by whicb^a Attt^-is 'distinguished, ls~«t^ched*'to 6ie name of the constella- 
tion, without any change in the termination to signify that the Star is in, or of, that constella- 
tion ; this is ^ne for the s^ke of simj^licity. ai^ to.{iave the Latia name, of ^nb eof^MMi^ 
opposit# lo the Il^(liflh onib, i^ich is ff^derSny pvtii in the other wdsr oC thft pa^* Thus, the 
first Star in the Table is y Ftgasus ; but the usual method of distinguishing this Star i« y Fa* 
f asi, the meaning being y in Pegasus, and the same may be understood of the others. 
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TABLE n. 



THnetoheaSdediothe Right Ascentionof a Story tojind Ae Time of 
Us patting the Meridian on any Day of the Year. 



, - * « 



This table contains the complement, to the 24 hours, of the Sun's 
mean right ascension, for every day of the Year, which, being added 
to the right ascension of any Star, Ae sum, rejecting 24 hours if it 
exceed that quantity, will show the apparent time when that Star passes 
the meridian sufficiently exact for the purpose of observing the meri- 
dian altitude, to find ;tfi^ Lfctitud^ ot the Sfiipi; or for finding any 
particular Star, by observing its altitude when on the meridian. 



EXAMPLES. 



March? 



1. At what time does Rboulus pass the meridian on the 5th 
:h? 



Right Mcension of IReguhu •*«•'.^:'.^. ^... 9 69 

Time for the Ml of March •• -f067 

Time when jtegalns pai|Mt the mendiai^/ 6i|iHttall - • <» 10 •.dG Vw I v ' ' V 



« k 



2. Required die time on the 1 6th August, whoi « Lyra, or Vega, 
i.onthemmdiani' J ' •« 

n. m. 
Right ascension of Vega -.-,-•-•. •^.•.;18 31 
Tone iai 16th Adgnst -f 14 18 



.,. , (Sum^ 21 boiirf.)Thi^ofYc;ga's passing the mend. lOthAqg. 8 49 

TABLE III. 

Correction to be subtracted from the Observed Altitude of a Fixed 

Star. 

• r * 

This table contains the Refracdon* in Altitude Combined with the 
IMp of the Horizon; each correction is given to the nearest tenth of a 
minute, and is alwi^'s t& be subtracted ftcon the observed altitude of 
a Star, in order to find the true altitude. 

For example: let the observed altitude of a Star be S9^ 4th 
when the be^ht of the observer's eye 18 feet above die sea : required 
the true altitude of the Star ? 

star's observed ahitade . • . . 89^ 4]'. 
Under 18 feet and 0HBMite4(K>, is — 6^ 

Star's true altitode 39 86^ 

Nii<e.<-43teoBds are reduced tp tenths of a minute^ bv dividing them by 6 * and tenths of a 

minute are turned into seconds, vmen mnltiplkd by 6. 
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TABLE IV. 

Jpparent Time of the Passage of <fo North Pole Star over the 
Meridian of Greenwich^ for every Day of the Year I824. 

When the time of the Polar Star's transit, over any other Meri- 
dian than Greenwich is required, the following corrections are to be 
applied to the time found in this table. * - 

* M * * 

> < • • • 

1. When the Longitude is East of Greenwich, from O^ to 45^, 
add Om. ; from 46° to 136°, add Im. ; from 136° to 180°, add ^m. 

2. When the Longitude is West of Greenwich, from O^ to 46®, 
subtract Om.; from 45° to 135°, subtract Im. ; from 136*' to 180°, 
subtract 2m. 

TABLE V. 

* • 

Correction to be applkd to the time that the^Pole Star passes the Me* 
ridian in 1824 ; tojind the time of its passing in other years. 



The quantities in this Table are to be added to, or subtracted 
from, the time in Table IV., according as the sign + or — is affixed. 
For example ; the time of the passage of the Pole Star, ovet the Me- 
ridian of Greenwich, on the 16tn March, 1826, is required ? 



h. in. 
Time in Table TV- for l&th March - I 17 
Corr. from Tkble V. for March, 1836 + 3 



Time required on l&th March, 1836 - 1 19 • 

TABLE VI. 

Difference between tlie Altitudes of the Pole, and the North Pok 
Stary observed at any given distance from the Meridian, in 1824. 



TABLE VII. 



Correction to be subtracted from the Quantities in Table Wyjbr 

succeeding years » 

In the year 1824. the mean distance of the North Polar Star, 
from the Pole of the Equinoctial, is about 1° 37 36% and for this dis- 
tance the quantities in Table VI. are calculated ; but as the Pole Star 
is approaching the Pole at the rate of I9|^ in a year, it is plain that 
these quantities must be diminished in the same ratio , when used after 
the year 1824; this may be done by Table VII. for the 8 succeeding 
years. For example ; let the difference between the altitudes of the 
Pole and the Pole Star be required in 1831, when the distance of the 
Pole Star from the meridian is Ih. 48m. 

« 

Difference of nit of Pole, and Pole Star, for Ih. 48ni. in Tahle VL 1^ 27^ 
In Table YII. opposite 1831, and onder 1^36', it — 9. 

Difference required in 1831 - 1 S&V 



%4(<*^'. 



.~»^^.> 



TT 



16 



TABLB I. 



I 



. I 






Right Ascbhsions and Declinations of the Principal Fixed Stars, adapted to the 



\ r 



Kamet of the Stan. 



»• 



}^ Pegasus . 
a Phoenix • 
^Cetas 
^Andfimieda 
a Eridanus 
a Aties . • 
y Cetqs 
ttCeto* • * 
^Perseus • 
a Perseus . 



. Jigemb 



• • • • 



; ' Miirack 

• Achemar 
. Arietis 

• • .J* • 
Bttunkf 

.^ . Jigol 



Alpebaean 

Cafelia 

. . kigel 



BeUcttrix 



a Taurus . 
a Auriga • 
B Orion^ • 
$ Taun» • 
y Orion • • 
a Columba . . ' . • . 

» Orion , 

«Orio»\ -'. \B6klg«^se 
a Argo Ntiftis k (kmtfpiu 
a Canis Major « • Siriua 



9 Canis Mijor 
4 Canis Migor 
a Gemini « 
a Canis Minor 
^G^emini . 
{ Argo Nayis 
y Argo Navis 
I Argo Navis 
Argo Navis 
a Hydra 



• jC 



• Caator 
Procyon 
Pollux 



• .. 



Alphard 



• • 



Rboulcs 



JhMMb 



a Leo^ J, , 

^UrSftM^ier 

« Ursa Majdr 

Leo • '• 

ttCrux .••«•• 

yCrux ••.••• 

/I Crux 

• Virgo .:. • ' . SpIVa 
4 Ursa Major ^tnxkwuik 
^Centaurus . . • . 



Ardwrinii 



a Draco • • 

« Bootes ' k 

a Cehtfturus 

« libra . . . 2u6^£»cft 

^Jibivi . . . Zitbemlg 

« Corona BQreidisul(p&a^« 
« Serpens • • . . . 
a Scolrpid . . Antares 
« Hercules BM»Algeihi 
a Seiipeintarius RaaAPuigue 



. Vega 
Altair 



T'Diapci.. ,. 
« Lyra . . 
a Aquila # 

« Pavo 

a Cygnus , • ilWdtfd 
« Cepheus • Alderaimn 
aOrux . . . . . . 

« Pisces Aust. ^oMalIiaCt 
i3 Pegasus . . . Scheat 
a Pegasus • . Marcab 
A Andromeda Alpheratz 



, \ l > r . ' . 1. 1 ; . . Il l i H . ,1 I I • H i » ' 



Bfaf. 



2 
2.S 
2.8 

2 

1 

2 

S 

2 
Vwfi 

2 



1 
1 
1 
2 

2 
2 

2.3 

1 

1 

X 



k: 



2w3 
2.S 

1. 
l.d 

I, 

2_ 

2 

2 

1 

2 



1 , 
2 

in 

2 
1 
2 
2 

I 
2 
2 



1 ' 



2.S 

1 

1- 
2.S. 
2.3 

2 

2 

1 

2 

2 



2.S 

1 
1.2 
1.2 
1.2 

8 

2 

1 

2 

2 

2 



Riffht 

Aflcemion 

in Time. 



Var. 
add. 



R 



risrs.t 

4 11 








17 34 
S4 44 

in ^ 

2 84 11 
2-53 5 
a fl^O 46 
8 11 48 



4 2'( 80 

5 3 42 
8 6 6 
«*!« 11 
8 15 ^ 
8 33 18 

5 J9 25 
8-48 B9 
6f'2e g 

6 37;W 



7 J U 
7 17 8 
7 28 22 
7 80 8 
7 84 8^ 

7 87 24 

8 4 8) 

8 39 52 

9 11 17 
9 18.801 



9 
10 

10 
11 
12 
12 
12 
18^ 
18 
18 



58 59 
51 10 

59 47 
40 5 
16 54 

2i:M 

37 30 
15 60 
40 36 



18 

4 

84 



13 59 39 
U 7 

14 28 

14 41 

15 7 
15 2t 16 
15 35 36 
[16 18 37 
17 88 
17 26 46 



17 52 81 

18 80 59 

19 42 12 

20 11 4 

20 35 26 

21 14 22 

21 67 

22 47 54 
22 25 15 

22 56 

23 69 19 



8.1 
3.0 
3.0 
8v8 

3.4 
3.1 
8.1 

8.« 
4.2 



3 

4.4 

2.9 

8 

8.2 

2.2 

2.8 

i;3 



4 4!6 



^.4 
2.4 
8.8 
•3.2 

hX 
2.1 

1,8 

1.6 
0^7 

ajo 



3.2 
^.6162 



JL^ 



Declination. 



44 
43 
18 
34 

5^ 

22 

2 

8 

40 
49 



12 20N.I 

15 ids: 

57 16 S. 

;4i' 94. 

7 5SS. 

87 84 N. 

.29.88 N. 

28 41 H. 

U 15 N. 

13 36 N. 



'.'J . 
4. 2Q|fU^femityoft^eWingofPe£^astM 
20 In Uie^Head of the PUenix 

- 20 In the Tail of the fThale 
yJ^ 19 la tfae^ Girdle of Andromeda 

— 19|The Spring, of. the Hiver Erida 
4- 17 In the Eastern Horn 6€ the Ram 



45 

8 

^28' 

6 

34 

P. 
t 

52 

16, 



4^54 N. 
4a 29 N. 
24 40S. 
26 69 N. 
10 59 N. 
10 20 S. 

21 591^ 
36 'O.S*. 
28 .4^. 



'26 

28 

32 

-6 

28} 
39 

46 

54 

7- 



7 14&. 
57 52 S. 
15 56 N. 
4<^ n N. 
^fii86>J. 
30 38 S. 

49 ns, 

8 45 S. 
69..42 S. 
58.58 S. 



57 



r.i 

3.2 
8:1 
8.4 
3.1 
2.4 
4. It 



1.6 
2.7 
4.4 
3.3 
3.2 
2.5 
2.9 
3.6 

2.7 

2.8 



1.4 

a.o 

2.9 

4.8 
2.0 
1.4 
8.8 
8.8 
2.9 
3.0 
3.1 



15 
62 
Id 

58 
10 
50 
59 



65 
29 
60 

8 
27 

6 
26 
14 
1^ 



13 8N. 

6 12 N. 

7 5S. 
16 4|5S. 
43 88 S. 

18'47N. 
11 N. 

50 S. 
85 56 N. 
41'47 N. 



59 
1 



51 80 
38.37 
8*24 
57 17 
44 39 

m 60 

47 48 
30 33 

27 7 
14 15 

28 17 



48 N. 
33 J^. 

41 N. 
19 S. 
21 N. 
81 N. 
US. 

10 s. 

37 N. 

42 N. 
ION. 



Ann. 
Var. 



+ 

+ 

+ 



161 in the Mouth of the Whale 
15 la the Jaw of the Wkaie 
14 In the Head of Jkfeium 
14 The bright Star in I'erseus 



+ 
+ 



8 
6 
6 
4 
4 

— 2 
-^ 2 
4-' 1 
+ '"2 
rh.:(4 



Southern Eye of the Bull 
In the left Shoulder of Auriga 
In the If estem Foot of Orion 
In the Northern Horn of the Bull 
In the Western Shoulder ofOrton 
Bright Star in the Dove 
In the Eastern Thigh of Orion 
In the EtiBtem Shoulder of Orion 
In the Poop of the Ship Argo 
III jthQ Mouth of the Great Dog 



— 17 



+ 
+ 



16 
15 
+ 14 
12 
12 
9 
4 



*A. 



\* 1 



U*i 



Situations of the Stan in tiieir 
^respective Conatellatlons. 



•f 61 In the Back .0/ the Great Dog 
7 In the Tail of the Gredt Dog 
7 In the Head of the Northern Twin 
9 In the Body of the Little Dog 
slln the Head of the Souihern Twin 
In the Row-lock of the Ship Argo 



+ 10 

4- ^j^ the Poop of the Ship Argo 

+ 13- 

+ 16 
4- 16 



In the Middle of the Ship Argo 
In the Oars of the Ship Argo 
In the Heart of the female Hydra 

49, 27 NJ - 17 In the Heart qf the^ion 
19 26 N. ^'19 SdutheM J^lfie^r te Pole Star 
41 57 N. ^ 19 Northern' Pi»iii(er to l^le Star 
33 22 N. - 20 In the Tail of the Lion 
7 29 S. 4- 20 In the Foot of the Cross 
YUi S. 4- 20 In the Top of the Cross 
43 33 S. -i- 20 In the Eastern Arm of the Cross 
14 19^, +1 19 Xhe .VirgW*SvSpik«f. 
11 42 N.— 18 Point ofthe tail of the Grea^J8<far 
31' S^S. 4- 18 In the Eastern Foot of the rVfi^aur 



In the Tail of the Dragon 



~ 19 Th& Bright Star fn Bootes 



In* the Easter^JPoot of theCen/auj 
The Southern Scale otLiin-a 
The Nortfieiti'Scale df Lt5ra 
Bright Star in- the Cf 9trn 
In Uie Neck of the Sei'pent 
In the Heart of the Scorpion 
In the Head of HercuUs 



- 8 In the Head of C^Utchus 



In the Head in the Dragon 
Xhe ^mkt Star in the Harp 
The Bright Star in the^ EagU 
The Eye of the Peacock 



— 1 

4- 

— 11 
4- 18(In the Tail of the Swan 



4- 
4- 
4- 



15 
17 
19 
19 
19 
20 



In the W. Shoulder of Cepheus 
In the W. Wing of the Crane 
In the Month of the Southed Fish 
In the Shoulder of Pegastfi 
In the Wing of Pegasus 
In the Head of Andromeda 



TABLE II. 17 

Time to bt added to the Right Ascension of a Star, to find the Time of its Passing 

the Meridian on any day of the Year. 



Days. 



1 
2 
8 
4 
6 



6 

r 

8 
9 



11 
18 
18 
14 

21 

16 

17 

18 

19 

90 



21 
22 

2$ 
24 
26 



26 
27 

28 
20 
80 



81 



Jan. 



h. 111. 

5 14 

6 10 
5 6 
5 1 
4 57 



4 62 
4 48 
4 44 
4 39 
4 36 



4 81 
4 26 
4 22 
4 18 
4 13 



4 9 
4 5 
4 
3 66 
3 62 



3 48 
3 43 
3 39 
8 86 
3 31 



3 27 
3 ^ 
3 18 
3 14 
3 10 



3 6 



Feb. 



h. III. 
8 2 
2 58 
2 54 
2 50 
2 4G 



2 42 
2 38 
2 34 
2 30 
2 26 



2 22 
2 18 
2 14 
2 ID 
2 6 



2 2 
1 58 
1 55 
1 61 
1 47 



43 23 



1 39 
1 35 
i 32 

1 28 



I 21 
1 20 
1 17 
1 14 



Mar. 



k. in. 



1223 |« 21 27 
8128 16121 23 
21 20 



1 

1 

1 4 23 11 

1 ^23 7t21 

57 23 421 12 



63 
50 
46 



4 





19 

18 66 
42J22 49|20 6Gil8 52 

18 47 



39 



3d 
31 
27 
24 
20 



IT 
13 
9 
6 
2 



58 
23 55 
23 51 
23 47 
23_44 

2? 40 
23 37 
23 33 
23 29 
23 26 



23 22< 



April 



h. m. 



23 
22 66 
22 53 



2^ 45 



22 42 
22 38 
22 34 
22 31 
22 



22 
22 
22 
22 

22 



22 
22 
21 
21 
21 



5 

1 

67 

64 

60 



21 
21 
21 
21 
21 



46 
42 
89 
35 
31 



May 



h. m. 



June 



h. in 



19 25 
19 20 
19 10 
t6[ia 12 
19> 8 



21 
21 
21 



819 



20 62 



20 49 
20 45 
20 41 
20 37 
27 20 33 



23 
20 

1620 
12 
9 



20 21^ 
20 25 
21 
20 17 
20 13 



20 
20 
20 



9 
5 
1 



19 57 
19 53 



19 
19 
19 
19 
19 



49 
45 
41 
37 
33 



18 43 
18 39 
18 35 
18 81 
18 27 



18 

18 
18 
18 
18 



23 
18 
14 
10 
6 



18 
17 
17 
17 
17 



2 
58 
63 
49 
45 



17 
17 
17 
17 
17 



41 
87 
33 
29 
24 



19 29 



July 



h. m. 
17 20 
17 16 



17 
17 
17 



12 

8 



Aug. 



h .m. 



16 
16 
15 
15 



415 




16 39 
16 35 
16 31 
16 27 
16 23 



16 19 
16 15 
16 11 
16 7 
16 3 



1^ 59 
15 55 

15 61 

16 47 
15 43 



15 
15 
15 
15 
15 



3U 
35 
31 
27 
23 



^6 
11 

8 

4 





Sept. 



14 56 
14 52 
14 'tS 
14 45 
14 41 



14 37 
14 83 
14 29 
14 26 
14 22 



14 18 
14 14 
14 11 
14 7 
14 8 



14 
13 66 
18 62 
18 48 
18 45 



18 
13 
13 
13 
18 



41 
37 

34 

30 

27 



h. in. 
18 

13 16 
13 

13 b 
13 5 



121 



Oct. 



19|U 

U 

I 

U 

II 



h. in 
31 



2b 
24 
2.. 
17 



18 1 
12 58 
12 54 
12 50 
12 47 



12 43 
12 40 
12 86 
12 32 
12 29 



12 
12 
12 
12 
12 



25 
22 
18 
14 
11 



12 
12 
12 
11 
11 



7 

4 



56 

63 



11 
11 
11 
11 
11 



49 
46 
42 

88 
85 



11 
11 
U 
11 
10 58 



13 

9 

6 



10 65 
10 51 
10 47 
10 44 
10 40 



10 
10 
10 
10 
10 



Nov. 



Dec. 



h* ni. 
9 85 
9 81 
9 27 
9 21 
9 10 



h. in 
IT 34 



9 15 
9 11 
9 7 
9 3 
8 59 



8 55 
8 51 
8 47 
8 43 
8 39 



36 8 35 
82 8 30 
8 26 
8 22 
S 18 



29 
25 
21 



10 
10 
10 
10 
10 



17 

14 

10 

6 

2 



^5 19)18 231 



9 68 
9 54 
9 61 
9 47 
9 43 



9 89 



8 14 
8 10 
8 5 
8 1 
7 57 



7 53 

7 48 
7 44 
7 40 
7 85 



7 
7 
7 
7 



27 
23 
18 
14 



7 9 
7 5 
7 I 
6 66 
6 62 



6 47 
6 43 
6 39 
6 34 
6 30 



6 25 
6 21 
6 17 
6 12 

8 



6 3 

5 59 

6 54 
6 50 
5 45 



5 41 
5 87 



6 
6 
5 



82 

ib 

n 



5 19 



Days 



1 
2 
8 
4 
5 

"T 
7 
8 


JO 

u" 

12 
13 
14 
16 



16 
17 
18 
19 
20 



21 
22 
23 
24 
25 



26 
27 

28 
29 

to 

31 



TABLE III. 
CoRRBCTioN to be Subtracted from the Observed Altitude of a Fixed Star, 

to find the True Altitude. 



'4m 



Ob8. 
Alt. 



5 
6 

r 

8 




TO 
II 
12 
14 
16 



18 
20 
22 
26 
80 



16 

40 
46 

60 
66 



60 
06 
70 

80 
90 



HBIOiiT OF THJ/t EYE ABOVE THE SEA, IN FEET. 



11.8 

10.4 

9.8 

8.4 
7.7 



7.2 
6.7 
6.3 
6.7 
6.2 



r 



.4.8 
4.6 
4.3 
8.9 
8.6 



8.8 
8.1 
2.9 

2.6 



2.6 
2.4 
2.8 
2.1 
1.91 



6 



12.2 

10.8 

9.7 

8.8 

8.1 



71 
7.1 
6.7 
6.1 
6.6 



8 

7" 



12.6 

11.2 

10.1 

9.2 

8.6 



6.2 
4.9 
4.7 
4.8 

4.0 



8.7 
8.6 
8.8 

ja 

8.0 



2.9 
2.8 
2.7 
2.6 
2.3 



8.0 
7.6 
7.1 
6.6 
6.0 



646 
6.3 
5 1 
4.7 
4.4 



4.1 
8.9 
8.7 
.8.6 
8.4 



8.8 
8.2 
8.1 
2.9 
2.7 



10 



12. 

11.6 

10.4 

9.6 

8.8 



918 



8.8 
7.8 

7.4 
6.8 
6.8 



6.9 
6.6 
6.4 
6.0 
4.7 



4l 

4.2 
4.0 

u 

8.6 
8.6 
8.4 

8.2 
8.0 



12 



.2 

11.8 

10.7 

9.8 

9.1 



S.6 
8.1 
7.7 
7.1 
6.6 



6.2 

6.9 
6.7 
6.3 
6.0 



4.7 
4.6 
4 8 

4.6 



1£ 

I 

18.6 
12.1 
11.0 

io4 

9.4 



8.9t 

8.4 

8.0 

7.4 

6.9 



6.6 
6.2 
6.0 
6.6 
6.3 



8.9 
8.8 
8.7 
8.6 
8.3 



6.0 

4.8 
4.6 
4.4 
4.3 

4.2) 

4.1 

4.0 

3.8 

8.6 



16 



18.7 
12.3 
11.2 
10.81 
9.6 



18 



14.0 
12.6 
11.5 
10. 
9.9 



610 



8.6 

8 21 

7.6 
7.1 



6.7 
6.4 
6.2 

6.6 



6.2 

6.0 
4.8 
4.6 
4.5 



4.4 
4.8 

4.2 
4.0 

3.8 



9.4 
8.9 
8.5 
7.9 
7.4 



7.0 
6.7 
6.5 
6.1 

6.8 



6.6 
6.3 
6.1 

4.9 

'4'.8 



4.7 
4.6 
4.5 
4.3 
4.1 



20 



14.2 
12.8 
11.7 

.8 
10.1 



9.6 
9.1 
8.7 
8.1 
7.6 



17.2 
6.9 
6.7 
6.8 
6.0 



6.7 
6.6 
6.3 
5.1 
6.Q 



4.9 
4.8 
4.7 
4.5 
4.3 



22 



14.4 
13.0 
11.9 
11.0 
10.3 



9. 
9.8 

8.9 
8.8 
7.8 



810. 



7.4 
7.1 
6.91 
6.5 
6.21 



6.91 
6.7 
5.6 
5.8 

5.1 
5.0 
4.9 
4.7 
4 5 



24 



14.6 
13.2 
12.1 
11.2 
10.6 



6.1 
6 9 
6.7 
6.5 
6 4 



6.3 
5.2 
5.1 
4.9 
4.7 



26 , 28 



14.8 
13.4 
12.8 
11.4 
10.7 



ioTi 

9.7 
9.3 

8.7 
8.^ 



7.8 
7.6 
7.8 
6.9 
6.6 



6.j8 
6.1 
6.9 
6.7 
5.6 



6.5 
6.4 
5.3 
5.1 
4.9 



15.0 
13.6 
12.5 
11.6 
10.9 



10.4 
9.9 
9.6 
8.9 

8.4 



8.0 
7.7 

r.6 

7.1 
6 8 



6.5 
6.8 
6.1 

5.9 
6.8 

T.i 

6.6 
6,5 
6.3 
5.1 



30 



15.1 
13.7 
12.6 
11.7 
11.0 



10.5 

10 

9.6 

9.0 

8.5 



8.1 
7.8 
7.6 
7.2 
6.9 



6.6 
ff.4 
6.3 
6.1 
6.0 



6.9 

6.8 
6.7 
5.5 
6.3 



Ohs. 
Alt. 



5 
6 
7 
8 
9 



10 
11 
12 
14 
16 



18 
20 
22 
26 

30 



85 
40 
45 
60 
66 



60 
66 
70 
80 
90 



2D 



18 



TABLE IV. 

ApparemtTimb of fhe Passage of the NoftTH Pole Star orer the Mbriuian of 

Greenwich for OTery day of the Year 1884. 





Days. 


J«n, 


Feb. 


Mar. 


April 


May 


June 


Jnly 


Aag. 


Sept. 


Oct. 


Nov. 


Dec. 


Days. 




h. ij|. 


h. m. 


h. m. 


h. m. 


h. m. 


h. m. 


h. III. 


h. m. 


h. m. 


h. m. 


h. m. 


b. m. 






1 


6 13 


4 1 


2 8 


15 


22 20 


20 18 


18 14 


16 10 


14 14 


12 26 


10 30 


8 26 


1 




2 


6 8 


3 57 


2 4 


11 


22 16 


20 14 


18 9 


16 6 


14 10 


12 22 


10 26 


8 22 


2 




3 


6 4 


3 53 


a 1 


8 


22 13 


20 10 


18 6 


16 2 


14 7 


12 19 


10 22 


8 18 


S 




4 





3 49 


1 57 


4 


22 9 


20 6 


18 1 


15 68 


14 3 


12 15 


10 18 


8 13 


4 




5 


5 55 


3 45 
3 41 


1 53 


23 57 


22 6 


20 1 


17 67 


15 54 


13 59 


12 12 


10 14 


6 9 


6 
6 


6 


5 51 


1 50 


23 53 


22 1 


19 57 


17 53 


15 50 


13 56 


12 8 


10 10 


8 6 




7 


5 47 


3 37 


1 46 


23 49 


21 57 


19 53 


17 49 


15 46 


13 52 


12 4 


10 6 


8 


T 




8 


5 42 


3 33 


1 42 


23 46 


21 53 


19 49 


17 45 


15 43 


13 48 


12 1 


10 2 


7 66 


8 




9 


5 38 


3 20 


1 ^9 


23 42 


21 49 


19 45 


17 41 


15 39 


13 45 


11 57 


9 58 


7 51 


9 




10 


5 33 


3 25 


1 35 


23 38 


21 45 


19 41 


17 37 


15 35 


13 41 


11 53 


9 54 


7 47 


10 ^ 


11 


5 29 


3 21 


1 31 


23 35 


21 42 


19 36 


17 33 


15 31 


13 38 


11 50 


9 60 


7 43 


11 




la 


5 25 


3 17 


1 2S 


23 31 


21 38 


19 32 


17 29 


15 27 


13 34 


11 46 


9 46 


7 38 


12 




13 


5 %l 


3 13 


1 24 


23 27 


21 34 


19 28 


17 25 


15 24 


13 31 


11 42 


9 42 


7 34 


IS 




14 


5 16 


3 9 


1 20 


23 21 


21 30 


19 24 


17 21 


15 20 


IS 27 


11 38 


9 38 


7 29 


14 ; 




15 


5 12 


3 6 


1 17 


23 20 


21 26 


19 20 
19 16 


17 17 


15 16 
15.12 


13 24 


11 35 


9 34 


7 25 


15 


16 


6 8 


3 1 


I 13 


23 16 


21 22 


17 13 


13 20 


11 31 


9 30 


7 21 


16^ 




17 


5 3 


2 67 


1 9 


23 13 


21 18 


19 12 


17 9 


15 9 


13 16 


11 27 


9 25 


7 16 


17 




18 


4 59 


2 54 


1 6 


23 9 


21 14 


19 7 


17 6 


15 5 


13 13 


11 24 


9 ^l 


7 12 


1^ \ 




19 


4 55 


2 50 


1 2 


23 5 


21 10 


19 3 


17 1 


15 1 


13 9 


11 20 


9 17 


7 -7 


19 [ 




20 


4 51 


2 46 


58 


23 2 


21 6 


18 59 


16 57 


14 57 


13 6 


11 16 


9 13 


7 3 


20 


21 


4 46 


2 42 


55 


22 58 


21 2 


18 55 


16 53 


14 54 


13 2 


11.12 


9 9 


6 68 


21 




22 


4 42 


2 38 


51 


22 ^4 


20 58 


18 51 


16 49 


14 50 


12 58 


11 8 


9 6 


6 64 


22 




23 


4 38 


2 ^4 


48 


22 51 


20 54 


18 47 


16 45 


14 46 


12 65 


11 6 


9 ^1 


6 60 


29 




24 


4 34 


2 ^1 


44 


22 47 


20 50 


18 43 


16 41 


14 43 


12 51 


11 1 


8 66 


6 45 


24 




25 


4 30 


2 27 


40 


22 43 


20 46 


18 38 


16 37 
16 33 


14 39 


12 48 


10 57 


8 52 


6 41 


25 


26 


4 25 


a 23 


37 


22 39 


20 42 


18 34 


14 3(3 


12 44 


10 63 


8 48 


6 36 


26. 




27 


4 21 


2 19 


33 


22 3.;:^ (J 3b|L6 30 


16 29 


14 3>>|L2 40 


10 49 


8 43 


6 32 


27 




.28 


4 17 


^16 


29 


22.32 


20 34 


18 26 


16 25 


14 2b 12 37 


10 45 


S 39 


6 27 


28. 




29 


4 13 


2 12 


26 


^2 28 


20 30 


18 22 


16 21 


14 25 


12 33 


10 4d 


8 35 


6 23 


29^ 




30 


4 9 




22 


22 24 


20 26 


18 18 


16 17 
16 13 


14 21 


12 30 


10 38 


8 31 


6 18 


30 


. 31 


4 5 




.0 19 




20 22 




14 17 




10 34 




6 14 


31 






























v; ' 



\t 



TABLE V. 

Correction to be applied to the Passage of the Pole Star over the Meridian 
in the Year 1824, to find the Time of its Passing in the following Years% 



Years. 


Jan. 


Feb. 


Mar. April 


May 


June 


July 


Aujf. 


Sept. 


Oct. 


Nov. 


Dec. 
m. 


Years. 




m. 


ID. 


m. 


ni. 


m. 


m. 


m. 


m. 


in. 


m. 


m. 




1825 


— 3 


- 3 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


1825 


1826 


— 2 


- 2 


2 


a 


2 


2 


2 


2 


2 


2 


2 


2 


1886 


1827 


— 1 


- 1 


4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


1827 


1828 


+ 1 
— 2 


+ 1 


1 

1 


1 


1 


1 


1 


1 
+ 2 


1 


1 


• 1 


1 

+ 2 


1828 


1829 


- 2 


+ 2 


+ 2 


+ 2 


+ 2 


+ 2 


+ 2 


+ 2 


+ 2 


1829 


1830 


— 1 


- 1 


3 


3 


3 


3 


3 


3 


3 


3 


8 


3 


1830 


1831 


- 


-r 


5 


5 


6 


5 


6 


6 


6 


6 


5 


6 


1831 


1832 


+ 2 


+ 2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


1832 





TABLB YL 19 


DiFFBRBNci between the Altitudes of the Polb, and the North Pole Star, obienred 


at any Oitbn Distance from the Mbriuiah, in the Year 1824. 

• 


Subtract. 


Add. 


When Pole 2itar is past the Meridian. 


When Pole Star is past the Meridian. 


M. 


Oh. 


Ih. 


2h. 


8h. 


4h. 


5h. 




M. 


12h. 


ISh. 


14h. 


15h. 


16h. 17h. 


. -._ 


o / 


o / 


o / 


o / 


O ' 


o / 






O 1 


o / 


• ' 


o / 


o / o / 





1 S8 


1 84 


\ 1 24 


1 9 


49 


25 


60 





1 8t 


\ 1 84 


\ 1 24 


1 9 4S 


25 60 


2 


1 88 


1 84 


\ 1 24 


1 8 


48 


24 


58 


2 


1 se 


\ 1 84 


1 1 24 


1 8 48 


24 68 


4 


1 88 


1 84 


I 1 24 


1 8 


47 


24 


56 


4 


1 8C 


\ 1 84 


I 1 24 


1 8 47 


24 66 


6 


1 88 


1 84 


I 1 28 


1 7 


47 


23 


54 


6 


1 8C 


\ 1 84 


1 28 


1 7 


r 47 


23 64 


8 


1 S8 


1 89 


1 28 


1 6 


46 


2S 


52 
50 


8 


1 8^ 


1 1 8a 


1 23 


1 6| 46 


22 


\ 52 
i 50 1 


10 


1 88 


1 8S 


1 22 


1 6 


46 


21 


iO 


1 8£ 


1 1 33 


i 22 


1 C 


45 


2] 


12 


1 87 


1 89 


1 22 


1 6 


44 


2C 


48 


12 


1 87 


' 1 39 


1 22 


1 5 


44 


20| 48 1 


14 


1 87 


1 SS 


1 21 


1 5 


44 


IS 


46 


14 


1 87 


1 32 


1 21 


1 fi 


44 


191 46 1 


16 


1 87 


1 8S 


1 21 


1 4 


48 


IS 


44 


16 


1 87 


1 82 


1 21 


1 4 


43 


IS 


» 44 1 


18 
20 


1 87 


1 3S 


1 20 


1 8 


42 


18 


42 


18 


1 87 


1 82 


1 20 


1 a 


42 


1£ 


\ 42 


1 87 


1 82 


1 20 


1 8 


41 


17 


40 


20 


1 87 


1 32 


1 20 


1 8 


41 


17 


40 


22 


1 87 


1 81 


1 19 


1 2 


40 


16 


88 


22 


1 87 


1 81 


1 19 


1 2 


40 


Ifi 


88 


24 


1 87 


1 81 


1 19 


1 1 


40 


16 


86 


24 


1 87 


1 81 


1 19 


1 1 


40 


15 


80 


26 


1 87 


1 81 


1 18 


1 1 


89 


14 


84 


26 


1 87 


1 81 


1 16 


1 1 


89 


14 


84 


28 


1 87 


1 80 


1 18 


1 


88 


14 


82 
80 


28 


1 87 


1 80 


1 18 


1 


88 


14 


82 


SO 


1 87 


1 80 


1 17 


59 


87 


13 


SO 


1 87 


1 30 


1 17 


59 


37 


13 


30 


32 


1 87 


1 80 


1 17 


59 


87 


12 


28 


82 


1 87 


1 SO 


1 17 


59 


87 


12 


28 


S4 


1 87 


1 29 


1 16 


58 


86 


11 


26 


84 


1 87 


1 29 


1 16 


58 


36 


11 


26 


S6 


1 86 


1 29 


1 16 


57 


85 


10 


24 


86 


1 86 


1 29 


1 16 


57 


85 


10 


24 


S8 


1 86 


1 29 


1 15 


57 


84 


9 


22 


88 


1 86 


1 29 


1 15 


57 


84 


9 


22 


40 


1 86 


1 28 


1 15 


56 


83 


9 


20 


40 


1 36 


1 28 


1 16 


66 


83 


9 


20 


42 


1 86 


1 28 


1 14 


55 


88 


8 


18 


42 


1 86 


1 28 


1 14 


65 


33 


8 


18 


44 1 86| 


1 28 


1 14 


55 


32 


7 


16 


44 


1 86 


1 28 


1 14 


66 


82 


7 


16 


46 


1 86 


1 27 


1 13 


54 


81 


6 


14 


46 


1 86 


1 27 


1 13 


64 


81 


6 


14 


48 
60 


1 85 


1 27 


1 12 


58 


30 


6 


12 


48, 
50 


1 85 


1 27 


1 12 


68 


80 


6 


12 


1 85 


1 26 


1 12 


52 


29 


4 


10 


1 85 


1 26 


1 12 


62 


29 


4 


10 


62 


1 85 


1 26 


1 11 


62 


29 


8 


8 


62 


1 85 


1 26 


1 11 


62 


29 


8 


8 


64 


1 85 


1 26 


1 11 


51 


28 


8 


6 


64 


1 85 


1 26 


1 11 


61 


28 


8 


6 


56 


1 85 


1 25 


1 10 


50 


27 


2 


4 


56 


1 85 


1 26 


1 lu 


60 


27 


2 


4 


58 


1 84 


1 25 


1 10 


50 


26 


1 


2 


68 


1 84 


1 25 


1 10 


60 


26 


1 


2 


60 


1 84 


1 25 


1 9 


49 


25 








60 


1 84 


1 25 1 9 


40 


26 










28h. 


22h. 


21h. 


20h. 19h. 1 


18h. 


M. 


llh. 1 


lOh. 9h. 


8h. 


7h. 


6h. 


M. 


When Pole Star is past the Meridian. 


When Pole SUr is past the Metidiah. 1 


Subtract* 


Add. 1 


TABLB VII. 


Corrections to be subtracted from the Quantities in Table VI. for tiie following Years. 


Yean 


Argument Quantity in Table VI * | 


ean. 


5" / 


' 


/ 


o 


/ O 1 


/ 


/ K 


> 1 G 


1 « Q 


/ i 


r / 


/ 


/ 


/ 


/ 


/ 


' Y 




I 88 


I 841 


80 


1 S 

C 


161 22 


\\ 18 


1 14] 
0' 


L 101 

0* 


51 

0' 


51 


S 50 


45 


40 


30 ! 


SO 


10 







lb*2d 


O' 


O' 


0* 


i V 


0* 


0" c 


K 0* 


O' 


0* 


0* 


0' 


c 


11 


B25 


182C 


> 1 


1 


1 




[ 1 


1 
































ij 


926 


1827 


1 


1 


1 




[ 1 


1 


1 


1 


1 






















11 


827 


1828 


\ 1 

s 2 


1 
2 


1 




I 1 
I 1 


1 
1 


1 
1 


1 
1 


1 

1 






1 


1 







b 





11 


328 


lb2tJ 


1 








1 


1 








11 


»29 


183C 


2 


2 


2 




\ 2 


2 


1 


1 


1 






1 


1 


1 








11 


330 


1831 


2 


2 


2 


2 


\ 2 


2 


2 


2 


2 






1 


1 


1 








u 


^31 


1832 


\ 3 


3 


2 


S 


\ 2 


2 


2 


2 


2 


2 1 




1 


1 


1 


1 





1832 1 


i 



r / 



» 
> . 



r 



e 




